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TEST  PLAN  DEVELOPMENT  FOR  PLASTIC  AMMUNITION  CONTAINERS  -  VOLUME  I 


1.0  INTRODUCTION 

The  purpose  of  this  project  was  to  establish  a  database  and  demonstrate 
testing  procedures  that  will  predict  the  long-term  reliability  of  plastic 
ammunition  containers.  The  project  was  divided  into  two  phases.  The  first 
phase  determined  the  logistic  chain  of  several  anununition  containers, 
identified  the  environmental  extremes  of  their  logistic  chains,  and  attempted 
to  identify  technical  literature  pertinent  to  the  long-term  performance 
properties  of  plastic  materials *  The  second  phase  of  the  project  initiated 
the  testing  suggested  by  the  Phase  I  effort.  This  testing  included 
conducting  real-time  and  accelerated  exposure  test  procedures  on  container 
materials  and  full-scale  items.  Plastic  container  materials  subjected  to 
these  environmental  tests,  were  evaluated  using  optical,  physical  and  thermal 
measurement  techniques  in  order  to  determine  cheuiges  that  might  affect  their 
function  in  packaging  applications.  Full-scale  items  were  used  to  determine 
the  moisture  vapor  transmission  rate  of  two  container  items  and  the  ability 
of  the  containers  oo  remain  sealed.  The  two  containers  tested  during  the 
project  were  the  155mm  Propelling  Charge  Container  and  the  M2A1  Small  Ammo 
Container. 

The  test  data  obtained  from  the  Phase  II  effort  was  used  to  illustrate 
the  preparation  of  performance  prediction  models  for  tlie  container  materials 
and  the  moisture  vapor  transmission  rate  of  the  two  container  items  tested. 
Volume  II  of  this  report  describes  the  test  plan  that  is  required  to  produce 
the  data  needed  for  the  preparation  of  accurate  models.  The  approach  taken  to 
develop  the  test  plan  attempted  to  relate  the  change  in  container  materials 
properties  to  the  functional  integrity  of  the  container  in  preventing 
moisture  from  entering  the  container.  The  details  of  the  specific  approach 
used  during  the  project  were  dictated  primarily  by  the  short  time  period 
allowed  for  actual  testing  and  the  lack  of  appropriate  test  sample  materials. 
Ideally,  the  environmental  testing  conducted  on  container  materials  would 
have  resulted  in  engineering  property  data  as  a  function  of  environmental 
exposure,  which  could  then  be  used  to  predict  the  ability  of  the  container  to 
resist  impact  and  the  effects  of  creep  and  compression  set  due  to  palletiza¬ 
tion  loads.  However,  no  engineering  test  samples  were  available  for  testing 
during  the  course  of  the  project.  The  only  recourse  therefore,  was  to  use 
test  specimens  from  actual  container  items.  Thermal  ai^alysis  was  the  only 
technique  that  could  be  used  to  evaluate  these  samples  cuid  produced  data  that 
are  related  to  changes  in  engineering  properties  by  identifying  changes  in 
the  structure  of  the  polymer.  The  data  obtained  using  these  measurement 
techniques  can  be  related  quantitatively  to  engineering  properties  only  when 
engineering  property  tests  are  concurrently  conducted. 

At  the  start,  the  project  had  the  ambitious  goal  of  identifying  and 
proving  that  specific  accelerated  test  procedures  could  be  used  to  produce 
lifetime  prediction  models,  all  within  a  49-week  project,  of  which  only  26 
weeks  were  allowed  for  actual  testing.  The  Phase  II  effort  was  therefore 
intentionally  extended  over  an  11-raonth  period  in  order  to  maximize  the 
availability  of  actual  test  data  on  vrtiich  to  base  and  test  the  models 
developed.  The  outcome  of  the  project  effort  has  resulted  in  a  test  and 
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modelling  scheme  which,  if  the  Volume  II  test  plein  is  implement:  will 
ultimately  produce  the  lifetime  prediction  models  required  to  judge  the 
efficacy  of  particular  plastics  and  plastic  container  itea;3.  The  actual 
test  data  and  relationships  described  in  the  Volume  I  technical  report  lack 
the  precision  for  accurate  performance  predictior.  models.  The  materials  tests 
were  too  short  in  duration  to  precisely  identify  the  end  of  the  induction 
stage  of  degradation  or  fully  characterize  the  time  and  temperature  condi¬ 
tions  that  could  be  used  to  accelerate  the  end  of  the  induction  stage.  The 
full-scale  item  tests  were  also  not  statistically  extensive  enough  to  draw 
firm  conclusions  concerning  the  moisture  vapor  transmission  rate  of  the 
container  items  tested. 

Volume  I  of  this  report  describes  the  approach,  procedures,  results  and 
conclusions  of  the  development  and  testing  aspects  of  the  project.  Volume  II 
of  this  report  describes  the  test  plan  recommended  for  the  characterization 
and  evaluation  of  plastic  materials  and  plastic  ammunition  container  items. 
The  format  of  the  plan  attempts  to  provide  a  test  specification  within  the 
constraints  of  the  overall  project. 


2.0  PHASES  I  and  II-  APPROACH 


2.1  Background 

The  Phase  I  approach  involved  identifying  the  features  of  the 
logistic  chain  of  a  number  of  ammunition  items  and  the  technical  literature 
available  concerning  the  long-term  performance  of  a  number  of  plastic 
materials  considered  for  ammunition  packaging  applications.  The  approach 
taken  to  understand  the  features  of  the  logistic  chain  which  are  most 
important  to  the  development  of  a  lifetime  prediction  model  required  that 
the  items  be  studied  from  the  "cradle  to  the  grave."  The  information  on  the 
container  items  was  obtained  by  contacting  the  appropriate  ammunition  item 
managers  and  characterized  using  the  following  criteria i 

•  The  items  were  studied  from  the  load  plant  to  the  firing  point 

•  The  geographical  locations  with  the  highest  concentration  of 
each  type  of  item  were  considered  as  the  typical  use 
environments 

•  Maintenance,  W'**  reserve  rotation,  loading  and  unloading 
during  trainin^  operations,  return  to  load  plant  and 
refurbishment  logistics  were  to  be  considered  as  having  a 
minimal  impact  on  the  lifetime  of  ammunition 

•  An  estimate  of  the  time  and  conditions  the  items  were  in 
transit  from  the  load  plant  and  in  depot  storage  was  used  to 
characterize  and  define  typical  environmental  histories  for 
each  item. 

The  literature  search  was  limited  to  public  information  and 
unclassified  Defense  Technical  Information  Center  (DTIC)  databases.  The 
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databases  used  were  searched  using  a  strategy  based  on  key  words  describing 
the  materials  to  be  studied,  the  dependence  of  material  properties  on 
environmental  parameters  and  lifetime  modelling.  The  Phase  I  effort  also 
involved  identifying  appropriate  accelerated  test  equipment,  test  procedures, 
test  instrumentation  and  the  design  of  the  test  approach  to  be  used  during 
Phase  II  of  the  project.  Instruments,  tests  eind  measurements  were  selected 
for  use  on  the  basis  of  their  ability  to  detect  materials  degradation  for 
sample  tests  and  the  determination  of  moisture  vapor  transmission  and 
pressure  changes  inside  the  container  test  items  during  full-scale  item 
tests. 


The  Phase  II  work  effort  implemented  test  procedures  identified 
during  Phase  I.  A  combination  of  outdoor  and  laboratory  exposure  tests  were 
conducted  on  ammunition  container  sample  materials  and  full-scale  container 
items.  The  t  tests  were  conducted  to  provide  material  degradation  data  and 
container  performance  data.  Real-time,  outdoor  exposure  tests  were  conducted 
to  identify  failure  modes  which  are  likely  to  occur  as  a  result  of  natural 
degradation  processes.  The  laboratory  exposure  tests  were  conducted  in  order 
to  accelerate  the  degradation  process.  The  full-scale  item  laboratory 
testing  also  included  the  determination  of  the  moisture  vapor  transmission 
characteristics  of  the  container  items. 

Although  the  Phase  I  effort  identified  general  materials  property 
information  on  which  the  Phase  II  test  program  was  based,  the  Phase  II  effort 
v/as  hampered  by  the  shortness  of  the  initial  Phase  II  schedule,  the  lack  of 
specific  materials  property  information  and  the  lack  of  suitable  materials 
test  specimens.  The  lack  of  engineering  test  specimens  for  the  project 
dictated  the  measurement  approach  taken  during  the  Phase  II  effort.  The 
measurements  used,  although  necessary  to  a  thorough  understemding  of  the 
material  degradation  process,  could  not  be  used  to  quantify  the  changes  in 
engineering  properties  needed  to  quantify  changes  in  container  functional 
properties  that  might  occur  over  the  container  life  cycle. 

The  initial  Phase  II  schedule  also  required  that  a  time  based 
exposure  test  schedule  be  used,  rather  than  a  schedule  based  on  dose.  This 
approach  provided  the  flexibility  needed  to  maximize  exposure  durations  and 
doses  v/hile  minimizing  project  schedule  and  cost.  Exposure  test  projects  are 
more  typically  based  on  the  basis  of  dose,  for  example  total  ultraviolet 
belov;  385nm  wavelength  in  terms  of  MJ/m?.  This  approach  allov/s  more  precise 
control  of  environmental  test  parameters  but  generally  requires  specific  time 
of  year  start  dates  and  undefined  end  dates  for  te,sting, 

Materials  degradation  data  were  obtained  using  optical  property 
measurements  to  evaluate  appearance  changes  related  to  surface  degradation 
emd  thermal  analysis  measurements  to  evaluate  changes  in  the  polymer 
structure  and  composition  of  the  container  materials.  The  thermal  analysis 
measurement  data  are  related  to  engineering  property  data  qualitatively  in 
that  they  can  suggest  changes  in  properties  such  as  tensile  strength, 
elongation,  creep,  and  impact  resistance  by  measuring  changes  in  properties 
such  as  modulus,  crystallinity,  and  oxidative  stability. 

The  logistics  chain  environmental  characterization  was  applied  to 
the  full-scale  item  testing  for  moisture  vapor  transmission  by  considering 


the  vapor  pressure  differential  occurring  during  the  container  life  cycle. 
This  approach  allows  the  test  data  to  be  used  in  determining  both  the  rate  of 
moisture  ingress  or  egress  over  time  and  to  evaluate  the  moisture  permeabil¬ 
ity  characteristics  of  a  given  container  item. 


2 . 2  Literature  Survey 

The  objective  of  the  literature  survey  was  to  establish  a  database 
pertinent  to  developing  specific  test  procedures  that  would  demonstrate  and 
predict  the  long-term  reliability  of  annnunition  containers  constructed  of 
plastic  materials.  The  literature  survey  had  the  following  goals: 

•  Obtain  information  detailing  the  environmental  conditions  and 
their  effect  on  plastic  components  and  materials  after  more 
than  five  years  of  exposure. 

•  Identify  specific  information  on  accelerated  test  programs  on 
plastics  and  the  results. 

•  Obtain  information  on  related  areas  v^ere  plastics  were 
exposed  to  extreme  conditions  such  as  excessive  heat,  cold, 
solar  radiation,  humidity,  etc. 

•  Obtain  degradation  mechanism  information  pertinent  to  a  better 
understanding  of  long-term  ageing  and  weathering  effects  on 
plastic  containers. 

•  Obtain  information  on  the  Water  Vapor  Transmission  Rate  (WVTR) 
of  polymeric  materials  and  detailed  information  on  testing 
practices  used  to  determine  the  WVTR. 

•  Obtain  information  on  the  physical  characteristics  of 
polymeric  materials. 

A  key  word  list  using  elements  of  the  noted  objectives  and  general 
principles  of  polymeric  materials  performance  was  developed  to  search 
scientific  and  technical  literature.  The  final  key  word  list  used  is  shown 
in  Table  1.  The  key  words  were  incorporated  into  appropriate  syntax  forms 
and  uploaded  Into  five  major  computerized  databases.  The  five  databases 
listed  In  Table  2  were  searched  to  obtain  titles,  identifying  terms, 
descriptors  and  key  words.  The  initial  list  was  reviewed  and  culled  for 
appropriate  citations.  Abstracts  and  source  information  for  these  citations 
were  obtained.  The  procedure  followed  is  summarized  in  Figure  1. 

The  information  obtained  was  organized  into  nine  categories  shovm 
in  Table  3.  Specific  citations  within  each  category  were  then  arranged  into 
a  single  standard  citation  format.  The  format  grouped  the  information  into 
the  four  sections  in  Table  4.  In  addition  to  the  survey  performed  with  the 
databases  listed  in  Table  2,  a  survey  of  the  Defense  Technical  Information 
Center  (DTIC)  database  was  also  conducted. 


Figure  li  Flow  Chart  Indicating  Literature  Survey  Procedure 
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TABLE  li  Key  Word  List 


Pl.ASTlCS/HAtililMS 

Acrylonitrile  Butadiene 
Styrene  (ABS) 

Higt  Density  Polyethylene 
Polyester 

libel  Eeinforced  Polyester 

Polycarbonate 

Acetal 

Polypropylene 
Polyurethane 
Peioforced  Polyester 
Coaposite 

Acetal  Hoiopolyier 
Acetal  Copolyaet 


PliYSICAL  CBAPACTBAISTICS  (PROPEBTIASl  _ TEST  PAOiAAHS 


Density 

Hater  Vapor  Transiission  Rate 

Moisture  Vapor  Transtission  Rate 

Tensile  Strength 

Modulus  |of  elasticity! 

lipact  Strength 

Ilongation 

yield  Strength 

Coipression  Strength 

Coipression  Set 

Bardoess 

Structural  Strength 
Structural  Stability 
Diiensional  Stability 
Therioiechanical  (properties) 
glass  Transition 
Coefficient  of  Expansion 
Coefficient  of  Contraction 
fatigue 
Creep 

Craze  Resistance 

Crack  Resistance 

Abrasion  Resistance 

Viscoelasticity 

Caloriietry  Properties 

Stress  Crazing 

Solvent  Resistance 

Therial  Degradation  (resistance) 

Meat  Distortion  (resistance) 

Oxidation  (resistancel 

Tbenal-Photo 

Endurance 

Hydration 

Moisture  (mer) 

Perieabiiity 
Absorbtion 
Diffusion 
Test  Method 


Theriograviietric 
Analysis 
later  Vapor 
Transiission  Rate 
(MVTR)  Test 
Moisture  Vapor 
Transtission  Rate 
Terioiecbanical 
Analysis 

Glass  Transition 
Coefficient  of  Expansion 
Coefficient  of  Contraction 
Eatigue 
Creep 

Dynaiic  Mechanical 
Analysis 

Differential  Scanning 
Caloriietry 
fberial  Cycling 
Suiidity  Cycling 
Tropical  Exposure 
Arid  Etposuie 
Solar  Exposure 
Veatberoieter  Tests 
feathering  Tests 
Exposure  Tests 
Vibration  Testing 
leng-tert  (ageing) 
Accelerated  Testing 
Tensile  Testing 
Arctic  Exposure 
Desert  Exposure 
EnYironiental  Tests 
Predict  Ageing 
Predict  lestberiog 
Test  Practice 


EITREME  COIDITIORS  _ 

Beat 

Cold 

Teiperature 

Buiidity 

Ageing 

Lov  Teiperature  (cold) 
Tberial 

Dltraviolet  Radiation 
Solar 
Radiation 
Vibration 
Pressure 
Sbecle 
Abrasion 
Oxidation 

Enfirocien.al  Condition 
Effects 
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TABLE  2:  Databases  Searched 


DATABASE  !  Aerospace  Database 

Coveraje  ;  1962  to  the  present 
!ile  Sue;  1,500,000  records 
Updates  i  Tvioe  a  lonth 

Provider  ;  Aierioan  Institute  of  Aeronautics  and  Astronautics/Technical  Infoiiation  Service 
(AIAA/TIS),  New  York,  NY 

The  Aerospace  Database  provides  references,  abstracts  and  controlled  vocabulary-indeiing  of  key 
scientific  and  technical  docuients,  as  well  as  books,  reports  and  conferences,  covering  aerospace 
research  and  developient  in  over  40  countries  including  japan  and  Coiiunist-bloo  nations,  This 
database  supports  basic  and  applied  research  in  aeronautics,  astronautics  and  space  sciences,  as 
well  as  tecnnology  developient  and  applications  in  coipleientary  and  supporting  fields  such  as 
cheiistry,  geosciences,  physics,  coiiunications  and  electronics. 

DATABASE  ;  CA  Search 

Coverage  :  1961  to  the  present 
File  Sue;  7,100.000  records 
Updates  ;  Honthly 

Provider  ;  Cheiical  Abstracts  Service,  Colutbus,  OK 

The  CA  Search  database  includes  citations  to  the  literature  of  cheiistry  and  its  applications.  CA 
Search  is  an  expanded  database  which  contains  the  basic  bibliographic  inforiation  appearing  in  the 
printed  Cheiical  Abstracts. 

DATABASE  :  Coicendei'^ 

Coverage  ;  1970  to  the  present 
File  Sue;  1,485,000  records 
Updates  ;  Honthly 

Provider  ;  Engineering  Inforiation,  Inc.,  New  York,  NY 

The  Coipendei®  database  is  the  lacbine-readable  version  of  the  Enaineerino  Index  (lontbly/annual), 
which  provides  abstracted  inforiation  froi  the  world's  significant  engineering  and  technological 
literature.  The  Coipendei  database  provides  worldwide  coverage  of  approziiately  4,500  journals 
and  selected  governient  reports  and  books.  Subjects  covered  include;  civil,  energy,  environ- 
lental,  geological  and  biological  engineering;  electrical  electronics  and  control  engineering; 
cheiical,  lining,  letais  and  fuel  engineering;  lecbanical,  autoiotive,  nuclear  and  aerospace 
engineering;  and  coiputers,  robotics  and  industrial  robots, 

DATABASE  ;  Insnec 

Coverage  ;  1977  to  the  present 

File  Size;  2,629,000  records  (for  1969  to  present) 

Updates  ;  Honthly 

Provider  ;  The  Institution  of  Electrical  Engineers,  London,  England 

The  on-line  Inspec  file  covers  the  printed  Physics  Abstracts,  Electrical  and  Electronics  Abstracts, 
and  IT  Focus.  Non-English  language  source  laterials  are  also  covered  but  abstracted  and  indexed  in 
English.  The  principal  subject  areas  are;  Atoiic  and  lolecular  physics;  coiputer  programing  and 
applications;  coiputer  systeis  and  equipient;  and  eleientary  particle  physics.  Journal  papers, 
conference  proceedings,  technical  reports,  books,  patents  and  university  theses.  The  total  nuiber 
of  journals  in  the  database  is  approxiiately  3,000;  over  200  of  these  are  abstracted  coipletely. 

DATABASE  ;  NTIS 

Coverage  ;  1964  to  the  present 
File  Sue;  1  ,  164,000  records 
Updates  ;  Bi-weekly 

Provider  ;  National  Technical  Inforiation  Service  (NTIS),  U.S,  Departient  of  Coiierce, 

Springfield,  VA 

The  NTIS  database  consists  of  goveraient-spcnsored  research,  developient  and  engineering  and 
analyses  prepared  by  federal  agencies,  their  contractors,  or  grantees.  It  is  the  leans  through 
which  unclassified,  publicly  available,  unliiited  distriDutivu  repoits  are  lade  available  for  sale 
fioi  agencies  sucb  as  NASA,  DDC,  DOE,  HUD,  DOT,  Departient  of  Coiierce  and  sole  240  other  agencies. 
In  addition,  soie  state  and  local  governient  agencies  now  contribute  their  reports  to  the  database. 

This  database  subjects  include;  adiinistration  and  lanageient,  agriculture  and  food,  behavior  and 
society,  building,  business  and  econoiics,  cheiistry,  civil  engineering,  energy,  health  plaoning, 
library  and  ioforiation  science,  laterials  science,  ledicine  and  biology  lilitary  science, 
transportation,  etc. 
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TABUS  3t  Description  of  Categories 


Category  _ Description  of  Content _ 

1  Accelerated  weathering  programs  on  plastic  materials  and 
associated  information. 

2  Natural  weathering  and  ageing  i-asi-  progr^ma  on  plastic 
materials  and  associated  information,  e.g.,  tropical 
exposure  tests,  arid  exposure  tests. 

3  Extreme  conditions  (other  than  accelerated  or  natural 
weathering  eind  ageing)  on  plastic  materials  and 
associated  information,  e.g.,  exposure  to  high  relative 
humidity  environments,  chemical  environments. 

4  Water  vapor  transmission,  absoriation  and  permeability  of 
plastic  materials  and  associated  information  vdiich 
engineers  may  use  to  better  understand  transmission 
phenomenon,  e.g.,  diffusion  rates,  absorbtion 
characteristics. 

5  Other  information  useful  in  predicting  long-term  ageing 
characteristics  of  plastic  materials  under  a  variety  of 
environmental  conditions,  e.g.,  effects  of  shock  and 
effects  of  vibration. 

6  Physical  characteristics  of  plastic  materials,  e.g., 
tensile  characteristics,  modulus  characteristics. 

7  Theoretical  or  accepted  models  of  physical  changes 
occurring  in  plastic  materials  under  various  conditions 
including  _«ieas  which  may  be  used  to  explain  weathering 
phenomena,  e.g.,  mechanisms  of  degradation,  crack  grow^ 
propagation  models. 

8  Procedures  used  to  enhance  weatherabilitv  or  desired 
physical  characteristics  of  plastic  materials. 

9  Miscellaneous  information  deemed  useful  for  the  overall 
goal  of  the  project  which  did  not  fit  into  categories 
1-8. 
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2.3  Logistics  Chain  Study 

The  logistics  of  six  aimunition  items  were  studied  by  contacting 
the  appropriate  item  managers.  The  study  started  at  the  item  load  plant  and 
traced  the  items  from  the  load  plant  to  their  permanent  storage  areas.  The 
items  studied  were: 


•  105mm  Tank  Round 

•  81mm  Mortar  Round 

•  155mro  Propelling  Charge 

•  2.75  inch  Rocket 

•  5.56mm  Small  Arms  Ammunition 

•  7.62mm  Small  Arms  Ammunition 


The  flow  chart  in  Figure  2  shows  the  investigative  path  followed  to 
characterize  the  logistics  of  each  item.  The  logistics  of  all  the  items  are 
similar  in  that  they  are  all  transported  from  the  load  plant  by  rail,  truck 
and  ship  prior  to  CONUS  and  OCONUS  storage.  It  was  learned  that  no  specified 
conditions  of  temperature  and  humidity  were  used  at  the  load  plant  and  that 
information  on  an  allowable  limit  of  moisture  inside  the  container  items  was 
unavailable  when  loaded  or  at  the  end  of  the  design  life.  The  items  some¬ 
times  spend  up  to  one  year  in  temporary  storage  at  the  load  plant  before 
deployment  to  the  permanent  storage  area.  The  majority  of  production  at  the 
present  time  is  for  OCONUS  and  uses  primarily  the  same  ports  of  embarkation. 
Times  in  transit  after  leaving  the  load  plant  were  also  reported  as  being 
similar  for  all  items.  The  items  generally  were  transported  to  the  pojrt  of 
embarkation  using  milvan  or  breakbulk.  The  items  are  transported  by  ship  in 
a  dry  ship  hold  environment  with  sealed  hatches.  Ship  transport  of  the 
ammunition  items  typically  occurs  over  a  period  of  approximately  twenty  days 
and  spend  approximately  one  week  in  the  port  of  debarkation  before  transpor¬ 
tation  to  the  permanent  storage  area  by  rail  or  truck. 

The  similarity  in  logistics  between  the  different  items  studied 
ends  at  the  permcinent  storage  area.  Each  item  is  stored,  rotated  from  war 
reserve  and  tested  on  schedules  v^ich  depend  on  the  availability  of  the  item 
and  the  policy  of  the  Defense  Ammunition  Director  and  AMCCOM.  The  containers 
undergo  care  and  preservation  by  ammunition  maintenance  personnel  after 
inspection  in  accordance  with  SB  742-1.  The  ammunition  containers  studied 
are  generally  discarded  after  the  contents  were  removed.  However,  reuse  of 
the  container  items  might  be  desired  under  some  circumstances  of  supply, 
logistics  and  war-  The  details  of  the  logistics  of  each  item  are  described 
in  Appendix  A. 


2.3.1  Physical  Considerations  for  Plastic  Container  Logistics 

Ammunition  cont-'^iners  are  subject  to  many  physical  rigors 
during  transportation  and  at  the  permanent  storage  area  which  could  detrimen¬ 
tally  affect  the  rate  at  which  the  container  material  ages  and  the  rate  at 
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which  the  container  gains  moisture.  The  most  typical  to  occur  during  trans¬ 
portation  include  vibration,  varying  atmospheric  pressure  if  moved  by  air 
transport  and  impact  during  loading  and  unloading.  Container  items  undergo 
maintenance  procedures,  such  as  painting  and  depainting,  and  are  moved  by 
fork  lift,  hand  truck  and  conveyor.  Palletization  during  storage  also 
presents  a  rigorous  physical  environment  since  items  located  on  the  bottom  of 
the  pallet  could  ejcperience  consideradole  loads.  Container  handles,  latches 
and  seals  could  undergo  stresses  caused  by  short  term  use  and  during  main¬ 
tenance  procedures  which  could  result  in  permanent  deformation.  Detrimental 
effects  of  these  seemingly  minor  abuses  may  not  manifest  themselves  for  years 
after  they  occur. 


Testing  for  all  of  the  possible  effects  of  the  physical 
environment  on  the  design  life  of  a  plastic  container  item  is  virtually 
impossible  because  of  the  infinite  number  of  situations  that  could  occur 
over  a  thirty- year  period.  However,  the  effects  of  the  physical  environment 
can  be  anticipated  by  considering  the  physio-chemical  state  of  the  container 
material  at  the  end  of  its  design  life.  Accelerated  environmental  exposure 
procedures  could  be  conducted  on  the  containers  and  container  materials  in 
order  to  subsequently  subject  the  container  materials  and  container  items  to 
the  most  likely  physical  environmental  features  while  they  are  in  a  condition 
representative  of  the  end  of  the  design  life.  The  results  of  this  testing 
could  be  used  to  implement  container  design  changes  such  as  thickness,  hamdle 
and  latch  geometry,  fasteners  and  other  container  features  which  are  found  to 
affect  performance. 


The  i55mm  Propelling  Charge  container  and  the  M2A1  Small 
Ammo  container  emphasized  during  the  Phase  II  test  effort  present  signif¬ 
icantly  different  material  and  design  features  on  which  to  base  a  testing 
philosophy.  The  first  and  most  obvious  difference  is  size  and  weight.  These 
differences  dictate  different  handling  procedures  and  thus  potentially 
different  physical  environments.  The  high  density  polyethylene  (HDPE)  used 
for  the  155mm  Propelling  Charge  container  is  unlikely  to  ever  be  painted 
since  HDPE  is  unpaintable.  On  the  other  hand  the  HDPE  could  have  hot  stamped 
identification  labels  which  might  localize  surface  stresses  which  could 
reduce  impact  resistance  after  long  periods  of  storage  or  outdoor  exposure. 
The  M2A1  container  could  conceivable  be  painted  at  some  point  during  its 
lifetime  since  the  polyester  molding  compound  is  paintable  and  since  the 
polyester  material  is  susceptible  to  fading.  The  painting  and  depainting 
process  could  also  cause  stress  cracking  due  ’ o  the  solvents  that  might  be 
used.  This  would  also  decrease  the  impact  rts  -tance  of  the  container. 

HDPE  is  known  to  be  sv'  ’  t  to  deformation  by  creep  and 
thermal  mechanisms.  Therefore,  the  long-  effects  of  palieLization  loads 
in  warm  climates  should  be  a  concern  for  the  155mm  Propelling  Charge 
container.  The  fiber  reinforcement  used  in  polyester  M2A1  container  could  be 
particularly  sensitive  to  moisture  absorption  and  desorption  effects  over 
long  periods  of  time.  Approximately  11,000  daily  temperature  and  humidity 
cycles  will  occur  over  a  thirty-year  period.  These  cycles  are  of  m,ajor 
concern  to  the  performemce  of  both  container  materials  since  the  cycles  could 
prodnce  significant  stresses  from  the  temperature  .induced  dimension  changes. 
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1.  RESHAPED? 

2.  REFAIITED? 

3.  REUSED  FOR  PACEAGIIG?  M 
i.  RETRACES  LOGISTICS  CHAI8? 


Figure  2:  Logistics  Chain  Study 


The  approach  needed  to  characterize  the  physical 
environment  and  the  long-term  effects  of  the  physical  environment  will 
initially  require  that  physical  property  tests  be  conducted  on  container 
materials  and  container  items  as  a  function  of  accelerated  environmental 
testing.  Plastics  have  been  used  in  military  items  for  a  considerable 
number  of  years  and  although  the  particular  formulations  for  the  plastics 
used  may  no  longer  be  available,  the  plastic  military  items  that  have  been  in 
use  could  provide  the  information  necessary  to  establish  specific  test 
criteria.  The  approach  to  using  plastic  items  with  a  reasonably  well  known 
history,  outlined  in  the  Volume  II  Test  Plan  will  involve  evaluation  of 
failure  if  it  occurred,  and  the  determination  of  structural  changes  in  the 
polymer  which  could  be  related  to  engineering  property  changes  such  as 
tensile  strength  or  impact  resistance. 


2.3.2  Definition  of  the  Environment 

As  noted  in  the  logistic  chain  descriptions  in 
Appendix  A,  the  environmental  considerations  early  in  a  container's  life 
cycle  are  limited  to  the  geographic  locations  between  and  including  the  load 
plant  and  permanent  storage  areas.  The  ammunition  items  are  further  deployed 
from  the  areas  noted  in  the  logistic  chain  descriptions  to  storage  areas 
surrounding  the  main  storage  areas.  The  general  vicinity  and  typical 
environmental  features  of  these  storage  areas  are  described  in  Appendix  B. 
Comparison  of  the  specific  sites  shows  a  considerable  variation  in  altitude, 
temperature,  humidity  and  sunlight.  An  important  consideration  in  under¬ 
standing  the  effects  of  long-term  storage  Is  the  knowledge  that  environmental 
conditions  can  be  quite  different,  and  thus  different  effects  may  result,  for 
ammunition  items  stored  at  locations  separated  by  only  a  few  miles. 

The  climates  in  the  vicinity  of  specific  storage  sites 
were  characterized  by  obtaining  and  evaluating  average  temperature,  humidity, 
rainfall  and  solar  radiation  data.  The  data  was  obtained  from  References  1 
through  8.  The  average  data  was  typically  based  on  measurements  made  over 
more  than  five  years,  the  exception  being  the  solar  radiation  data  for  Korea 
which  represents  only  two  years  of  measurements.  Comparison  of  the  data  in 
Appendix  B  indicates  that  the  environments  characterized  in  Mil-Std-210  can 
be  used  over  the  container  item  logistics  chain  environments  and  can  be 
typified  into  four  climate  types  in  accordance  with  U.S.  Army  Regulation  Ko. 
70-38  to  choose  specific  test  conditions  (References  9  and  10).  These  are: 

1.  Hot  climates 

2.  Basic  climates 

3.  Cold  climates 

4.  Severe  cold  climates 

AR  70-38  further  classifies  each  of  the  climates  into  daily  weather 
cycles,  operational,  storage  and  transit  conditions.  The  following  sections 
summarize  the  major  features  of  the  climatic  conditions  that  were  to  be 
considered  during  the  course  of  this  project. 
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2. 3. 2.1  HotClimat.es 


Hot  climatic  conditions  are  of  primary  concern  in 
low  latitude  deserts,  In  addition  to  high  air  temperatures,  and  low  relative 
humidities,  intense  solar  radiation  also  plays  a  part  in  the  degradation  of 
mate.'ial  performance.  Two  daily  cycles  have  been  used  to  characterize  the 
operational  conditions  of  this  type  of  environment:  hot  and  dry,  in  which  the 
daixy  temperature  could  range  between  32*C  and  49'’C  with  a  maximum  relative 
humidity  of  8%;  hot  and  humid,  in  which  the  daily  temperature  could  range 
between  31®C  and  40*C  with  relative  humidity  ranging  between  59%  and  88%. 

The  performance  of  polymeric  materials  is  sensitive 
to  both  the  thermal  degradation  and  photodegradation  effects  of  sunlight. 

Both  factors  must  be  considered  by  any  test  program  designed  to  predict 
performance.  The  specific  mechanisms  for  thermal  eind  photodegradation  may 
differ  for  different  materials  and  have  different  resulting  effects  on  the 
b';}!;  properties  of  the  material,  Humidity  may  also  change  the  mechanism  by 
\  a  material  degrades.  In  order  to  fully  understand  the  degradation  of  a 
polymeric  material  over  a  long  period  of  time  each  environmental  factor  must 
be  studied  separately  and  in  combination. 


2. 3. 2. 2  Basic  Climates 

Climates  classified  as  basic  are  generally  found  in 
the  humid  tropics  and  mid-latitudes  and  are  characterized  by  more  moderate 
temperature  extremes  than  found  in  the  other  climatic  types.  Four  daily 
cycles  are  recognized  as  being  characteristic  for  this  climate  type: 

1.  Constant  high  humidity 

2.  Variable  high  humidity 

3.  Basic  hot 

4.  Basic  cold 

The  outstanding  features  of  the  operational, 
storage,  and  transit  conditions  of  each  type  are:  constant  tempc  *'.ure  and 
greater  than  95%  relative  humidity,  for  the  consteuit  high  humidity  condition, 
variable  teinperature  and  humidity  between  26‘’C  and  63''C  with  humidity  rernging 
between  5%  and  44%,  for  the  basic  hot  conditions,  and  temperature  between 
-r^B^C  and  -21®C  v/ith  close  to  0%  relative  humidity  for  the  basic  cold 
environment, 


The  same  considerations  for  solar  radiation  noted  in 
paragraph  2, 3,2.1  apply  to  the  basic  climatic  types.  The  most  notable 
difference  betv/een  the  two  environments  discussed  thu.s  far  is  the  low 
temperature  extreme  in  the  latter.  The  effects  of  low  temperature  on 
polymeric  materials  offer  additional  complication  for  the  understeinding  of 
degradation  mechanisms  and  therefore  make  the  development  of  a  lifetime 
prediction  model  more  difficult. 
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2. 3. 2. 3  Cold  Climates  and  Severe  Cold  Climates 


The  cold  climatic  type  is  generally  found  towards 
the  extremes  of  both  northern  and  southern  hemispheres  and  in  some  areas  at 
high  altitudes.  Air  temperatures,  with  relative  humidity  levels  tending 
towards  saturation,  range  between  -37“C  and  -47®C.  Solar  radiation  is 
negligible.  The  severe  cold  climate  is  found  in  the  very  extreme  areas  of 
the  northern  and  southern  hemispheres.  The  design  minimum  temperature 
condition  for  this  type  of  climate  is  -51 “C. 


2. 3. 2. 4  Transportation  Environments 

Transportation  of  military  items  throughout  the 
world  cam  rapidly,  and  drastically  change  the  environment  and,  therefore,  the 
potential  degradation  mechanisms  to  which  a  polymeric  material,  used  in  a 
military  application,  might  be  subjected.  The  act  of  tramsport  itself  offers 
a  potential  for  degrading  the  performance  of  a  material  aind  a  fabricated  part 
by  introducing  physical  forces  to  the  item  by  impact  or  vibration. 

The  effects  of  vibration  on  an  unrestrained  poly¬ 
meric  material  are  for  all  practical  purposes,  nil.  However,  if  the  polymer 
material  is  solidly  attached  as  a  component  to  an  assembly,  so  that  the 
vibrational  forces  can  be  directly  translated  into  tensile  or  compressive 
stress  on  the  material,  the  material  could  however  degrade  as  a  result  of 
fatigue,  creep,  or  fracture.  The  effects  of  vibration  on  seajs,  joints,  or 
adhesive  bonds  can  directly  degrade  the  function  of  an  assembly.  The  same  is 
true  for  impact- induced  degradation,  but  obviously  in  a  much  shorter  time. 


2.4  Development  of  the  Approach  to  Phase  II  Testing 

The  successful  development  of  an  accelerated  environmental  exposure 
test  procedure  which  can  be  used  to  predict  the  lifetime  of  plastic  ammuni¬ 
tion  container  items  requires  the  knowledge  of  the  dependence  of  plastic 
materials  properties  degradation  on  environmental  parameters  in  a  quantita¬ 
tive  sense.  Further,  the  dependence  of  the  container's  functional  properties 
on  the  material  properties  must  also  be  known.  The  test  approach  used  in  the 
Phase  II  therefore  pursued  both  design,  or  functional  testing  of  actual 
container  items,  and  materials  tests  to  evaluate  the  stability  of  the 
specific  polymers  used  in  the  containers.  The  extent  to  which  this  knowledge 
cein  ultimately  be  used  in  a  lifetime  prediction  model  is  highly  dependent 
upon  the  nature  of  the  mechanisms  by  which  a  given  material  degrades  and  the 
extent  to  which  these  mechanisms  can  be  controlled  during  the  accelerated 
testing  procedures.  In  order  to  develop  an  accurate  lifetime  prediction 
model  using  the  test  samples  made  available  during  the  project  and  in  the 
time  frame  allowed  for  testing,  it  was  necessary  to  identify  instrumentation 
capable  of  detecting  the  structural  properties  degradation  of  container 
materials  on  a  molecular  scale.  A  combination  of  thermal  analysis  and 
optical  properties  measurement  techniques  was  chosen  to  study  materials 
degradation.  Ideally  these  measurements  would  have  been  conducted  in  concert 
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with  engineering  property  testing,  such  as  tensile  strength  emd  impact 
resistance,  to  provide  a  defined  link  between  material  structure  and  material 
properties.  Such  a  link  could  then  be  used  to  directly  predict  container 
performance  as  a  function  of  environmental  history. 

The  lack  of  suitable  engineering  property  test  specimens  for  the 
155ram  Propelling  Charge  Container  and  the  M2A1  container  items  suggested  that 
the  engineering  properties  of  another  material  be  studied  for  purposes  of 
illustrating  the  use  of  properties,  such  as  tensile  strength  and  elongation, 
for  the  development  of  a  lifetime  prediction  model.  A  cro&slinkable  HOPE  was 
selected  on  the  basis  of  the  availability  of  environmental  performance  data 
for  comparison.  The  material,  tested  in  an  unpigmented  and  unstablllzed 
form,  is  not  comparable  to  the  blow  molding  grade  of  HDPE  used  for  the  155inm 
Propelling  Charge  Container,  however  it  provides  an  excellent  contrast  to  the 
container  material  by  identifying  material  property  changes  directly  related 
to  environmental  effects  on  the  chemical  aspects  of  the  material  in  a  short 
period  of  time, 

Phillips  Marlex  CL- 100  was  chosen  for  study  during  the  Phase  II 
test  effort.  This  material  is  a  rotational  molding  compound  and  is  typically 
used  in  outdoor  applications  and  when  properly  compounded  and  processed,  has 
been  found  to  have  good  retention  of  physical  properties  for  long  periods  of 
time.  The  155mm  Propelling  Charge  Container  Material  was  a  high  density 
polyethylene  compound  comprised  of  Phillips  H3£M-50100  HDPE  and  a  proprietary 
mixture  of  green  pigment  and  stabilizers,  the  M2A1  container  was  made  from  a 
sheet  molding  compound  comprised  of  Silmar  polyester  resin,  approximately  45% 
glass  fiber  and  approximately  25%  filler.  The  filler  contained  a  green 
pigment  and  calcium  carbonate. 

Full-scale  item  functional  testing  had  the  objective  of  determining 
the  moisture  vapor  transmission  rate  (MVTR)  and  the  ability  of  the  container 
to  remain  sealed.  The  logistics  chain  of  ammunition  generally  includes  a 
two-year  uncontrolled  outdoor  exposure.  A  desired  aspect  of  the  testing 
conducted  was  to  predict  the  performance  of  the  container  items  durirg  a  two- 
year  outdoor  exposure.  This  outdoor  exposure  period  could  occur  at  any  time 
after  the  manufacture  of  the  ammunition  container.  However,  the  test  items 
used  for  the  full-scale  testing  were  newly  manufactured  and  not  subjected  to 
pretest  conditioning  or  preageing  before  testing.  Thus,  the  extent  to  which 
MVTR  is  dependent  on  the  container  material's  age  could  not  be  investigated 
during  the  project. 


2.4.1  Materials  Testing  Approach 

Optical,  thermal  auid  physical  properties  tests  were 
selected  to  characterize  the  degradation  of  the  container  materials  and  the 
Marlex  CL- 100  HDPE.  The  specific  measurement  techniques  selected  have  been 
used  successfully  in  a  number  of  materials  study  programs  to  quantify  and 
model  materials  degradation  due  to  environmental  exposure  (References  11 
through  18). 
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Reflectance  measurements,  made  between  350nm  and  2400nm, 
and  colorimetric  measurements  were  used  to  quantify  surface  degradation. 
Spectral  reflectance  measurements  were  chosen  to  show  changes  in  absorption 
coefficients  and  to  identify  spectral  changes  which  might  be  related  to 
pigment  and  polymer  matrix  degradation.  Colorimetric  measurements,  using  CIE 
chromaticity  coordinates,  were  used  to  quantify  visual  changes  in  color  and 
could  be  related  to  caunouflage  requirements. 

Physical  properties  measurements  included  tensile  and 
elongation  testing  of  the  Marlex  CL- 100.  Thermal  analysis  measurements  were 
used  to  determine  structural  changes  in  Uie  polymeric  container  item 
materials.  Container  item  materials  were  studied  using  thermogravimetric 
analysis  (TGA),  thermomechanlcal  (TMA),  differential  scanning  calorimetry 
(DSC)  and  dynamic  mechanical  analysis  (DMA).  The  use  of  thermal  analysis 
techniques  to  study  ageing  effects  on  polymeric  materials  had  the  advantages 
of  providing  information  on  viscoelastic  properties  in  the  case  of  DMA,  the 
glass  transition  temperatures  (Tg)  in  the  case  of  TGA  and  DSC,  the  heat  of 
fusion  in  the  case  of  DSC  and  decomposition  temperatures  in  the  case  of  TGA 
and  DSC. 


Broadly  interpreted,  tdie  glass  transition  temperature  of 
a  polymer  is  the  temperature  at  which  no  further  molecular  rearremgement 
occurs.  Below  this  critical  temperature,  molecular  movement  is  a  result  of 
thermal  vibration.  That  is,  as  a  polymer  approaches  its  glass  transition 
temperature,  it  undergoes  temperature  dependent  dimensional  changes  caused  by 
the  rearrangement  of  the  polymer  structure.  The  glass  transition  temperature 
is  dependent  primarily  on  chemical  structure,  the  most  important  aspect  being 
polymer  chain  stiffness.  Processing  and  environmental  conditions  also 
influence  glass  transition  temperature  and  therefore  can  play  a  great  role  in 
the  degradation  mechanisms  which  affect  performance  not  only  at  a  given 
temperature  but  over  a  given  temperature  range.  A  change  in  glass  transition 
temperature  due  to  some  aspect  of  a  material's  environmental  history  could 
then  be  used  to  indicate  changes  in  performance  characteristics,  The 
thermomechanical  properties  of  plastics  for  use  as  ammunition  pacltaging 
materials  in  this  sense  is  important  since  the  items  are  rarely  intended  to 
serve  solely  in  a  single  environment. 

Most  accelerated  test  programs  subject  materials  to 
cibnormal  conditions  in  order  to  induce  failures  in  short  periods  of  time. 

The  objectives  of  test! no  a  material  in  this  manner  are  the  evaluation  and 
prediction  of  a  material's  long-term  performance  v;ith  a  short  term  test.  The 
current  state-of-the-art  methods  to  evaluate  and  predict  materials'  perform¬ 
ance  characteristics  Involve  the  concurrent  study  of  chemical  structure/ 
property  relationships  and  mechanical  property  changes,  The  environmental 
test  procedures  followed  are  classified  by  their  use  to  predict  outdoor 
performance  in  the  presence  of  solar  radiation  and  thermal  tests  which  are 
conducted  in  the  absence  of  solar  radiation.  The  design  amd  use  of  acceler¬ 
ated  testing  must  be  based  on  the  failure  of  a  specific  property.  The 
failure  of  many  commercial  items  is  judged  on  the  basis  of  appearauice  which, 
as  a  surface  effect,  may  occur  long  before  there  is  a  measurable  change  in 
mechanical  properties,  In  applications  where  plastics  are  used  for  their 
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structural  properties,  changes  in  the  appearance  of  the  item  may  be 
acceptable.  However,  the  use  of  plastics  for  ammunition  containers  requires 
that  both  physical  aund  optical  properties  remain  stable  and  constant  through¬ 
out  the  container  lifetime  in  order  to  protect  the  ammunition  until  it  is 
fired,  to  reduce  maintenance  costs  and  to  meet  camouflage  color  requirements. 

The  use  of  thermal  analysis  techniques  offers  a  practical 
emd  accurate  method  for  determining  the  useful  lifetime  of  many  plastic 
materials.  The  data  obtained  from  thermal  analysis  measurements  are  also 
well  suited  to  modelling  because  the  data  are  closely  related  to  the  chemical 
smd  thermal  processer  that  occur  as  a  result  of  specific  materials  property 
degradation  mechanisms.  These  mechemisms,  once  related  to  the  polymer 
structure  dependent  properties,  can  be  used  to  predict  changes  in  basic 
engineering  properties.  The  various  thermal  aunalysis  techniques  available 
offer  the  advantages  of  several  different  dynamic  combinations  of  time, 
temperature  and  stress  in  a  single  test.  The  use  of  appropriate  test  samples 
euid  appropriate  test  sample  preparation  techniques  ceuinot  be  overstated  in 
evaluating  the  suitability  of  thermal  analysis  for  lifetime  prediction 
modelling  since  these  factors  are  critical  to  obtaining  reliable  and 
reproducible  data.  Further,  if  engineering  property  tests  are  not  conducted 
corcurrently  with  the  initial  material  characterization  tests,  it  is 
difficult  to  quantitatively  relate  thermal  auialysis  data  to  engineering 
properties.  A  thorough  review  of  thermal  analysis  principles  and 
instrumentation  may  be  found  in  Reference  19. 

The  use  of  DMA  was  evaluated  for  the  fiber  reinforced 
polyester  used  for  the  M2A1  container.  Specifically,  it  was  attempted  to  use 
storage  and  loss  moduli  and  the  loss  tangent  to  evaluate  the  integrity  of  the 
adhesion  between  the  polymer  and  fiber  reinforcement.  These  properties  are 
also  related  to  the  crystallinity  of  the  material.  DMA  as  a  viscoelastic 
property  measurement  technique  can  be  used  to  study  other  properties,  such  as 
creep,  by  applying  the  measurement  data  to  time /temperature  superposition 
principles  and  the  Boltzmann  superposition  principle  (References  17,20), 

Time /temperature  superpositioning  principles  are  derived  from  the  W-L-F  emd 
Arrhenius  equations  which  are  used  to  determine  the  degree  of  horizontal 
shift,  or  rather  the  time,  that  a  given  set  of  data  cem  be  used  with  respect 
to  temperature,  The  underlying  principle  for  these  mathematical  relation¬ 
ships  is  the  dependency  of  polymer  structural  properties  on  time  and 
temperature.  This  is  because  the  rate  at  v/hlch  molecular  relaxations  and 
rearrangements  occur  increase  with  increasing  temperature  due  to  the  fact 
that  all  polymers  exhibit  viscoelastic  behavior.  The  storage  of  mechanical 
energy  and  release  of  heat  by  the  "viscous  liquid"  and  "elastic  solid"  phase.? 
of  the  polymer  is  thus  time  amd  temperature  dependent. 

Engineering  plastics  are  known  to  have  typically  higher 
modulus  at  room  temperature  thar»  at  elevated  temperatures  while  the  modulus 
of  elastomers  is  higher  at  low  temperatures  than  at  room  temperatures.  This 
phenomenon  is  related  to  Tg,  The  time  dependency  of  viscoelastic  properties 
is  illustrated  by  the  generalization  that  a  polymer  subjected  to  a  constant 
load,  will  result  in  a  decrease  in  the  elastic  modulus  over  time.  Further, 
polymers  deformed  at  high  frequencies  at  a  given  temperature  will  show  a  high 


17 


modulus  whereas  the  same  polymer  deformed  at  the  same  temperature  with  low 
frequency  will  exhibit  lower  modulus.  Therefore,  the  time  that  these 
processes  take  to  occur  is  reduced  at  higher  temperature. 

Experimental  determination  of  the  factors  allowing  time/ 
temperature  superposition  of  viscoelastic  properties  in  using  DMA  offers  a 
technique  for  determining  the  functional  lifetime  of  plastic  packaging  since 
these  properties  are  affected  by  ageing.  Thermo-  and  photo-  oxidation 
effects  could  be  quantified  with  a  relatively  few  measurements  by  comparing 
shift  factor  curves  and  master  curves  developed  for  the  materials  before, 
during  and  after  various  environmental  exposure  tests.  The  successful 
development  of  the  property  relationships  needed  to  make  lifetime  predictions 
from  DMA  data  however,  is  complicated  both  by  the  degree  of  crystallinity  of 
the  material  and  geometrical  factors  associated  with  the  test  sample.  The 
former  problem  relates  primarily  to  the  deviation  of  many  real  materials  from 
the  superpositioning  principles  due  to  property  differences  in  the  amorphous 
and  crystalline  phases.  Although  these  differences  can  be  determined  and 
applied  to  modifications  of  basic  viscoelastic  principles,  the  process  of 
developing  the  relationships  is  tedious  and  costly.  The  latter  problem 
relates  to  the  reproducibility  of  the  measurement  data.  The  combination  of 
these  two  problem  areas  and  the  potential  impact  on  project  schedule  and 
cost,  limited  the  use  of  DMA  to  the  M2A1  container  material  and  was  only 
pursued  to  the  extent  of  attempting  to  evaluate  the  fiber  and  polymer  matrix 
integrity. 


A  second  example  of  the  use  of  thermal  arialysis  to 
predict  lifetime  is  the  use  of  TGA  to  study  decomposition  kinetics  as 
described  in  Reference  21.  This  technique  assumes  first  order  kinetics  and 
uses  extrapolation  to  estimate  the  long  lifetimes  encountered  at  normal  use 
temperature.  Further,  the  technique  assumes  that  the  limit  of  acceptability, 
or  lifetime,  of  the  material  is  dependent  on  the  thermal  stability  of  a 
polymer  or  the  presence  of  a  stabilizer,  or  a  combination  of  the  two.  In 
light  of  the  preceding  discussion  on  viscoelastic  properties,  the  functional 
lifetime  of  the  ammunition  container  materials  studied,  could  possibly  exceed 
lifetimes  predicted  by  TGA  data  since  there  was  no  delined  relationship 
between  a  failure  point  and  thermal  decomposition.  The  thermal  decomposition 
of  the  materials  is  related  to  the  presence  of  stabilizers  and  various 
additives  in  addition  to  the  stability  of  the  polymer.  TGA  is  useful  in 
studying  various  stages  of  thermal  degradation  and  the  compositional  changes 
that  occur  during  the  ageing  process.  However,  the  TGA  data  must  be 
associated  v/ith  a  functional  property  in  order  to  predict  useful  lifetimes. 

As  an  example,  the  HDPB  used  for  the  155mm  Propelling 
Charge  container  could  be  terribly  cracked  after  30  years  but,  because  it  was 
fabricated  with  a  sufficient  v/all  thickness,  it  could  still  provide  adequate 
protection  to  the  contents.  Similarly,  the  M2A1  container  could  appear 
white,  due  to  the  blooming  of  the  glass  fiber  reinforcement,  and  yet  afford 
the  contents  of  the  container  adequate  protection  because  the  composite 
retained  sufficient  strength.  Therefore,  the  use  of  TGA  determined  "lifetime 
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prediction"  data  must  be  related  to  critical  engineering  properties.  TGA 
only  provides  structural  property  data  to  the  extent  that  properties  are 
dependent  on  the  chemical  makeup  of  the  material. 

A  detailed  decomposition  kinetics  study  of  the  155mm 
Propelling  Charge  container  material  using  TGA  was  considered  during  the 
project  work  effort.  However,  the  project  schedule  did  not  allow  enough  time 
Sind  no  information  was  available  for  container  materials  regarding  an 
acceptable  limit  of  property  degradation.  Therefore,  the  acceptable  level  of 
decomposition  had  to  be  determined  empirically.  TGA  was  used  to  study  both 
the  155mm  Propelling  Charge  container  material  and  the  M2A1  container 
material  by  attempting  tc  associate  decomposition  temperatures,  mass  loss  and 
composition  changes  with  the  various  exposure  conditions. 

DSC  was  used  to  follov?  thermodynamic  changes  in  con¬ 
tainer  materials  by  measuring  the  heat  flow  into  and  out  of  test  samples. 
Physical  transitions  such  as  Tg,  melting  temperature  and  crystallization  and; 
chemical  transitions  such  as  decomposition  were  monitored  to  study  both 
physical  and  chemical  processes.  The  degree  of  crystallinity,  as  related  to 
the  heat  of  fusion  has  a  fundamental  effect  on  material  physical  properties 
such  as  modulus,  permeability,  density  and  melting  point.  The  decomposition 
temperature  obtained  from  DSC  relates  to  the  oxidizable  groups  present  in  the 
material.  Lower  onset  of  decomposition  temperatures  indicate  that  fewer 
oxidizable  groups  are  present  in  the  material  or  the  material  has  been 
preoxidized.  The  onset  of  decomposition  temperature  is  not  a  quantitative 
value  in  respect  to  specific  physical  properties  in  the  sense  that  it  only 
represents  the  temperature  at  which  the  material  decomposes  after  passing 
through  the  melt  phase.  The  stability  of  the  polymer,  and  thus  the  stability 
of  properties  which  are  dependent  on  the  oxidation  state  of  the  polymer,  is 
related  to  the  decomposition  temperature.  Therefore,  as  a  temperature  value 
it  can  be  used  to  indicate  the  oxidative  stability  of  the  polymer.  The  heat 
flow  value  associated  with  the  onset  of  decomposition  temperature  is  the  area 
under  the  decomposition  curve.  It  represents  the  energy  required  to  decom¬ 
pose  the  sample  and  is  dependent  on  the  molecular  weight,  mass,  and  surface 
area  of  the  sample  in  addition  to  the  thermal  properties  of  the  material . 


TIIA  was  used  to  determine  dimensional  changes  in  the 
container  materials  as  a  function  of  temperature.  This  mea.surement  technique 
provides  information  on  the  thermal  expansion,  Tg  and  the  softening  point. 

The  Marlex  CL-100,  crosslinkable  HOPE  was  studied  using 
tensile  and  elongation  testing.  Changes  in  tensile  strength  and  elongation 
are  used  to  indicate  ageing  effects  and  are  dependent  on  both  the  thermo¬ 
dynamic  and  viscoelastic  properties  discussed  in  the  preceding  paragraphs. 
Marlex  CL- 100  v;as  compression  molded  into  plaques  and  subsequently  cut  into 
ASTM  D638  Type  IV  tensile  test  specimens.  These  test  specimens  were  tested 
in  accordance  v;ith  ASTM  D638.  The  materials  testing  procedures  and  materials 
properties  studied  are  summarized  in  Table  4. 


19 


Table  4 

Summary  of  Material  Tests 


Material 


155mm  Prop  Charge 
Charge  Container 
HDPE 


M2A1  Container 
Glass  Reinforced 
Polyester 


Marlex  CL- 100 
Crosslinkable 
HDPE 


Properties  Meaaured 

Spectral  Reflectance 
CIE  Color 

Thermal  Decomposition 

Heat  of  Fusion,  Heat  Flow  and  Degree 
of  Crystallinity 

Coefficient  of  Thermal  Expansion 

Spectral  Reflectance 
CIE  Color 

Thermal  Decomposition  and  Composition 
Changes 

Storage  aind  Loss  Modulus,  and  Damping 
Coefficient  of  Thermal  Expansion 

Tensile  Strength  and  Elongation 
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Measurement 

Technique 

ASTM  E903 

ASTM  D2244 

TGA 

DSC 

TMA 

ASTM  E903 
ASTM  D2244 
TGA 

DMA 

TMA 

ASTM  D638 


2.4.2 


Full-Scale  Item  Test  Considerations 


The  development  and  use  of  accelerated  test  procedures 
for  estimating  the  useful  life  of  a  product  must  consider  the  mechanisms  by 
which  the  polymer  degrades  and  the  influence  that  product  design  can  have  on 
the  stability  of  the  polymer.  Materials  tests  are  used  to  show  the  stability 
of  the  polymer  for  a  particular  end  use  but  do  not  show  how  the  material  will 
perform  as  a  component  of  a  final  product.  An  example  of  this  is  the  rapid 
failure  of  stabilized  polymers  in  contact  with  an  active  metal  which  could 
catalyze  the  oxidation  of  the  stabilizer  used  in  the  polymer  material. 
Similarly,  effects  of  environmental  exposure  on  the  functionality  of  the 
container  assembly  could  occur  that  would  not  otherwise  be  predicted  by  short 
term  testing  of  the  container  assembly  alone  since  the  rate  of  many  of  the 
failure  mechanisms  associated  with  materials  and  product  design  are 
controlled  by  diffusion  processes  which  may  not  have  the  same  synergistic 
effect  even  when  above  ambient  conditions  are  used.  The  mechamisms  by  which 
container  items  could  gain  moisture  in  the  seal  area  presents  a  good  example 
of  this  possibility. 


By  design,  the  performance  of  the  seal  area  is  dependent 
on  the  performcince  of  the  elastomeric  seal  and  the  contains  material. 
Plasticizers  and  lubricants  are  often  used  to  enhance  the  ductility  of 
elastomeric  seal.  The  evolution  of  these  materials  from  the  seal  is  time  and 
temperature  dependent  as  is  the  absorption  or  these  materials  by  the 
container  material.  Mil-Std  environmental  testing  typically  subjects  test 
items  to  a  combination  of  environmental  conditions.  Temperature  and  humidity 
cycle  testing  is  very  often  used  to  Judge  the  acceptability  and  durability  of 
military  items.  Under  cyclic  testing  of  this  sort,  the  component  materials 
are  not  subjected  to  the  time  at  temperature  and  temperature  change  rates, 
both  of  which  are  critical  to  a  diffusion  rate  controlled  process,  which  are 
experienced  under  use  conditions.  The  rapid  temperature  change  rates  and 
short  cycle  times  used  for  many  tests  also  do  not  produce  the  same  strains  in 
the  material  that  would  occur  in  real  use.  Therefore,  the  resulting  effect 
on  the  container  materials  after  the  test  could  be  entirely  different  than 
would  result  in  the  use  environment. 

Moisture  gain  and  moisture  gain  rate  are  also  to  a  great 
extent  diffusion  rate  controlled  processes.  The  categorization  of  moisture 
gain  into  high  and  low  vapor  pressure  r<:gi.mes  can  be  used  to  determine  the 
severity  of  test  conditions  relative  to  real  environmental  conditions. 
However,  the  extent  to  which  test  conditions  can  be  used  to  increase  moisture 
vapor  transmission  rate  and  thus  accelerate  effects  of  moisture  damage  may  be 
dependent  entirely  on  the  material's  inherent  moisture  permeation 
coefficients.  Therefore,  the  \’se  of  an  acceleration  or  a  test  severity 
factor  based  entirely  on  the  ratio  of  test  conditions  to  real  environmental 
conditions  to  predict  results  must  be  judicious.  An  example  of  determining  a 
test  severity  factor  is  giver,  in  Reference  22  where  normal  vapor  pressures 
are  about  43  dynes/cm^  for  the  worst  tropical  conditions,  while  the  test 
conditions  had  vapor  pressure (>  in  the  range  of  340  dynes/cm^-.  The  ratio  of 
the  vapor  pressures  would  suggest  an  acceleration  factor  of  7.9,  However, 
more  appropriate  is  the  detsitvination  ot  test  severity  on  the  basis  of  a 
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ratio  of  transmitted  moisture  at  different  vapor  pressure  conditions.  In 
this  exeunple  0.6mg  of  transmitted  moisture  was  measured  at  constant  condi¬ 
tions  of  40*0  with  a  vapor  pressure  of  65  dynes/cm^  while  0.012mg  where 
measured  at  constant  conditions  of  25®C  with  a  vapor  pressure  of  approxi¬ 
mately  30  dynes/cm^ .  In  this  example  the  acceleration  factor  basod  on 
transmitted  moisture  Is  0.6/0.012  or  50,  while  an  acceleration  factor  based 
on  the  test  condition  is  65/30  or  2.2. 

The  application  of  this  model  to  the  case  of  an  ammuni¬ 
tion  container  must  account  for  the  changes  in  vapor  pressure  differential 
which  occur  as  the  container  gains  moisture.  Thus,  as,  the  container  gainr, 
moisture,  the  moisture  vapor  transmission. rate  would  tend  to  decrease.  That 
is,  as  the  vapor  pressure  differential  between  the  environment  outside  the 
container  and  the  inside  of  the  container  approaches  zero,  the  moisture  vapor 
tramsmission  rate  also  approaches  zero.  Since  the  containers  could  be 
deployed  to  hot  and  dry  and  cold  auid  dry  environments,  the  containers  could 
also  lose  moisture  over  long  periods  of  time. 

The  approach  taken  to  determine  the  moisture  vapor 
transmission  characteristics  of  the  container  items  pursued  the  relation¬ 
ship  of  moisture  gain  in  terms  of  grams  pei  hour  as  a  function  of  vapor 
pressure  differential  for  the  test  conditions  used.  In  order  to  accomplish 
this,  the  dew  point  was  measured  inside  the  container  using  a  chilled  mirror 
type  hygrometer.  Dew  point  measurements  were  related  to  vapor  pressure  and 
the  moisture  inside  the  container  volume  using  the  relationships  in 
Reference  23. 


2.4.3  Environmental  Exposure  Testing 

A  variety  of  environmental  exposure  test  procedures  were 
followed  to  subject  test  specimens  taken  f^rom  actual  ammunition  containers 
and  ASTM  D638  Type  IV  tensile  test  specimen.?  made  from  Matlex  CL-100  HDPE  to 
a  wide  rainge  of  environmental  conditions.  These  tests  covered  the  range  of 
typical  environmental  exposure  tests  and  included  those  shown  in  Table  5. 

The  conditions  used  allowed  the  determination  of  the  sensitivity  of  the 
materials  to  particular  aspects  of  the  environment  (i.e.,  solar  radiation, 
humidity,  etc,).  Test  specimens  were  placed  on  exposure  in  numbers 
sufficiently  large  to  allow  individual  pieces  to  be  removed  on  a  predeter¬ 
mined  schedule  for  properties  measurements.  Samples  were  not  returned  to 
their  respective  exposures  after  completion  of  the  measurements. 

Accelerated  outdoor  (EhfllAQUA®)  exposure  testing  was 
conducted  in  accordance  v/lth  ASTM  G90.  Sample  temperature  was  monitored 
'periodically  during  the  exposure  in  order  to  determine  the  high,  low  and 
typical  temperature  extremes  occurring  during  the  course  of  the  test. 

Sample  temperatures  were  determined  using  a  thermocouple  attached  to  a 
control  sample  of  155mm  Propelling  Charge  Container  material.  Temperature 
measurements  were  recorded  around  solar  noon. 
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Table  5 

Summary  of  Environmental  Exposure  Tests 
Conducted  on  Sample  Materials 


Exposure  Tests 


Environmental  Conditions 


Related 
Test  Standard 


Tempe  rature /Humidity 
Chamber 


DSET  Solar  Simulator 


Suntest 


Constant  elevated  temperature  and  MIL-STD  810D 


high  humidity 


Method  507.2 
(tailored) 


Constant  elevated  temperature  and  MIL-STD  810D 

high  humidity  with  simulated  solar  Method  505.2 

radiation  (tailored) 

Xenon  arc  lamp  exposure  with 
ambient  conditions 


Oven 


Constant  elevated  temperature  with  ASTH  D3045 

ambient  humidity 


Real-time  Outdoor 


Natural  outdoor  Arizona,  at-latitude  ASTT!  D1435 
exposure  angle 


BMMAQUA® 


Intensified  natural  solar  radiation  ASTM  G-90 
with  ambient  outdoor  conditions 


Real-time  exposure  tests  were  conducted  in  Arizona  on 
both  full-scale  items  and  test  specimens.  Test  items  were  mounted  on  a  south 
facing  rack  at  a  34*  angle.  As  noted  for  the  accelerated  outdoor  testing, 
sample  temperatures  were  monitored  around  solar  noon  during  the  test.  The 
effects  of  elevated  temperature  with  ambient  laboratory  humidity  conditions 
were  evaluated  using  a  mechanical  convection  oven.  The  test  was  conducted 
with  a  constant  71®C  temperature.  Test  specimens  and  the  cap-seal  portion  of 
a  155mm  Propelling  Charge  container  were  subjected  to  these  conditions. 

Elevated  temperature/humidity  exposure  testing  was 
conducted  at  60*C/90%RH  in  a  1812  liter  Envirotronics  environmental  chamber. 
The  chamber  is  capable  of  producing  various  conditions  over  a  temperature 
range  of  -73®C  to  +176 ®C  with  relative  humidity  control  capability  covering  a 
range  between  20%  and  95%.  The  effects  of  solar  radiation  with  elevated 
temperature  and  humidity  was  also  studied  using  this  environmental  chamber  in 
combination  with  a  solar  simulator  array.  The  solar  simulator  array  was 
122cm  X  122cm  cind  comprised  of  compact  source  iodide  metal  halide  and  UVA-340 
fluorescent  lamps. 
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The  array  was  positioned  and  operated  to  produce  approxi¬ 
mately  95  MJ/m^-day  total  radiation  between  300nm  and  2500nm  with 
approximately  3.8  MJ/m^-day  ultraviolet  radiation  occurring  below  385nm.  The 
test  articles  were  located  in  a  76.2  cm  x  96.5  cm  target  area  behind  an 
ultraviolet  absorbing  acrylic  panel.  The  spectral  energy  distribution  at  the 
target  plane  is  shown  in  Figure  3. 

Test  specimens  were  also  exposure  tested  in  a  Xenon  arc 
ultraviolet  exposure  cabinet  using  ambient  temperature  and  humidity 
conditions.  The  samples  were  exposed  to  simulated  solar  radiation  using  a 
Heraeus  Original  Hanau  Suntest  Accelerated  Exposure  Machine.  A  filter 
eliminating  ultraviolet  below  290nm  was  used  over  a  l.lkw  Xenon  light  source 
to  approximate  the  global  radiation  of  natural  sunlight  in  the  300nra  to  SOOnm 
wavelength  region.  The  irradiance  of  the  filtered  light  is  approximately  185 
mW/cm^,  with  approximately  8.4  mW/cm^  below  400nm.  The  test  samples  were 
located  approximately  9  inches  from  the  light  source.  Ambient  air  is  circu¬ 
lated  in  the  exposure  chamber  to  maintain  the  samples  at  close  to  ambient 
temperature.  Black  panel  temperature  in  the  chamber  was  maintained  at  about 
45®C.  The  spectral  distribution  of  the  light  source  used  in  the  chamber  is 
compared  to  natural  sunlight  in  Figure  4. 


2.5  Correlation  of  Data  and  Lifetime  Prediction  Models 


2.5.1  Mathematical  Modelling  of  Durability 

The  approach  taken  to  mathematically  correlate  dura¬ 
bility  characteristics  obtained  from  accelerated  tests  to  real  time  tests  was 
to  attempt  to  kinetically  relate  a  material's  exposure- induced  properties  to 
the  level  of  stress  (e.g.,  exposure)  taking  into  account  structure-property 
relationships.  This  requires  information  on  rate  constants  as  a  function  of 
structure  and  temperature-related  changes  in  those  rate  constants.  The 
development  of  complete  expressions  that  predict  performance  apriori  of  the 
actual  exposure  tests  is  essentially  impossible.  This  is  due  primarily  to  a 
lack  of  information  on  well-defined  structure-property  and  stress-property 
relationships  for  the  same  properties.  However,  the  degradation  rates  of 
certain  important  properties  of  plastics  may  be  described  by  S-shaped  curves 
in  which  the  property,  or  retention  of  property,  is  plotted  as  the  dependent 
variable  as  a  function  of  the  environmental  stress.  Plotted  as  change  in 
property,  the  relationship  takes  the  form  shown  in  Figure  5  where  the  inde¬ 
pendent  variable  acts  as  the  driving  force  vdiich  is  a  combination  of  solar 
radiation,  temperature,  oxygen  and  moisture  in  this  treatment  of  the  ageing 
process.  The  successful  application  of  this  modelling  approach  depends  on 
the  availability  of  property  data  in  the  linear  region  of  the  curves  in 
Figures  5  and  6  and  the  identification  of  the  limit  of  acceptability. 

Exaii\ination  of  the  concepts  of  induction,  rate- 
controlled,  and  saturation  processes  is  a  prerequisite  to  a  thorough 
understanding  of  the  ageing  process.  The  term  induction  is  represented  by 
region  I  of  Figure  6;  it  is  a  convenient  descriptor  for  the  value  "i"  that 
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II^RADIANCE  OF  XENON  BURNER  FOR  SUNTEST 
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represents  quantitatively  the  magnitude  of  the  independent  variable  neces¬ 
sary  to  initiate  the  rate-controlled  property  change.  More  fundamentally, 
induction  describes  both  the  reaction  rates  specific  to  initiation  amd  the 
quantity  of  stress  required  for  the  production  of  a  sufficient  number  of 
defects,  or  "observable  events,"  that  are  necessary  in  order  to  be  measurable 
by  whatever  diagnostic  tools  are  employed  to  assess  the  dependent  variable. 
Region  II  of  Figure  6  is  knom  as  the  rate-controlling  step  amd  is  that 
portion  of  tne  reaction,  or  ageing  process,  that  is  represented  by  a  single 
linear  rate  equation.  More  fundamentally,  it  is  that  time  period  of  stress 
application  after  initiation  where  the  concentration  of  reactive  sites 
available  for  reaction  obeys  a  well  defined  depletion  rate.  When  this  does 
rot  occur,  either  region  II  cannot  be  mathematically  represented  as  a  linear 
relationship  or  the  saturation  phase  has  been  reached.  Obviously,  saturation 
is  a  descriptor  that  is  employed  to  d  '-e  the  material  condition  in  wnich 
most,  if  not  all,  reactive  sites,  or  ic.l  events,  have  been  depleted 

during  the  application  of  stress. 

The  linear  portion  of  Figure  6  can  be  described  by 
v/riting  a  slope  intercept  equation,  y  =  mx  +  b,  where  AP  =  mE  +  b,  m  is  the 
slope  and  b  is  the  intercept.  Solving  for  E,  we  obtain 

E  =  1/m  {AP  -  b}  (1) 

where  -b/m  =  i,  the  intercept  on  the  abscissa  that  is  the  induction  measured 
in  terms  of  the  independent  variable  as  exposure.  Equation  1  can  be  written 
in  terms  of  loss  of  property  as  a  function  of  exposure,  giving 

LP  -  m{S  -  i}  (2) 

permitting  prediction  of  durability  of  that  property  in  the  rate  controlling 
step  in  terms  of  the  exposure.  It  is  important  to  note  that  few  materials 
plot  as  a  normal  linear  relationship  defined  by  equation  2  and  that  generally 
a  log-normal  and  sometimes  a  log -log  plot  is  required  to  achieve  a  linear 
relationship.  This  is  particularly  true  for  systems  with  exponential  or 
logarithmic  decay  in  the  availability  of  reactive  sites,  or  where  the  stress 
such  as  ultraviolet  radiation,  exhibits  such  a  decay  as  it  penetrates  into 
the  material's  matrix.  In  this  case  equation  2  becomes 

ip  =  m{log  E  -  log  i},  or  log  iP  =  m{E  -  i}  (3) 

Correlation  of  accelerated  and  real-time  exposures  should 
seldom,  if  ever,  be  performed  on  exposed,  or  stressed,  materials  in  only  the 
induction  r  the  saturation  phase  since  these  expressions  only  explain  linear 
portions  of  the  ageing  process.  We  do  use  these  regions  in  combination  to 
dp'fine  the  entire  exposure  process;  however,  acceptance  decisions  should 
never  be  made  when  either  the  real-time  or  the  accelerated  exposure  level  is 
representative  of  one  of  these  regions  --  especially  in  the  induction  phase. 
Nonetheless,  a  number  of  researchers  have  undertaken  studies  to  mathemati¬ 
cally  describe  both  the  induction  and  saturation  portions  of  rate  equations. 
These  range  from  purely  empirical  to  highly  theoretical  analyses, 
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Property  Retention 


2.5.2  Kinetic  Expressions  of  Ageing  Processes 

The  instantaneous  rates  at  which  the  concentration  of 
reactive  molecular  sites  change  with  time  (both  the  creation  of  new  and  the 
depletion  of  existing  species)  in  photochemical,  oxidative,  or  photo- 
oxidative  reactions  may  be  represented  by  the  derivative  dC/dt  —  which 
states  a  reaction  velocity.  In  zero  order  reactions,  we  simply  set  the 
derivative  equal  to  the  proportionality  factor  "k" ,  the  value  of  which 
depends  on  the  temperaLute  as  well  as  the  order.  In  first,  second  and  higher 
order  reactions  which  may  be  also  opposing,  or  back  reactions,  or  secondary 
reactions  of  different  order,  these  expressions  become  complicated  by  the 
mathematical  description  of  the  instantaneous  concentrations  of  unreacted 
species,  new  species,  etc.  Nonetheless,  it  is  instructive  to  examine  the 
simple  first  order  reaction  [mH  +  nN  *  products]  where  by  definition  the  rate 
depends  only  on  the  concentration  of,  for  example,  M. 

dM/dt  =  -WI  (4) 


which,  on  integrating,  becomes 


In  M  *  -kM  +  b 


(5) 


which  is  similar  to  equation  3. 

The  influence  of  temperature  on  these  relationships  is 
shown  by  a  consideration  of  the  Van't  Hoff  and  Arrhenius  equation.  Arrhenius 
developed  the  relationship 

dln(k)/dT  -  B/RT  (6) 

from  the  Van't  Hoff  equation  for  the  temperature  coefficient  of  the  equilib¬ 
rium  constaint,  where  k  is  the  specific  rate  constant,  E  is  the  material 
specific  activation  energy  for  the  reaction  and  R  cuid  T  are  the  gas  constant 
and  the  absolute  temperature,  respectively.  Integration  of  equation  6  yields 
the  expression 


ln(k)  =  -  E/RT  +  ln{A)  (7) 

where  A  is  a  constant  of  integration  knovni  as  the  Arrhenius  factor.  Equation 
7  is  useful  for  plotting  exposure  data  to  develop  activation  energies.  If  v/e 
consider  that  the  reaction  rate  "k"  can  be  described  by  the  relationship 
dP/dt  as  the  change  of  property  with  time  and  if  we  consider  the  expression 
dt  to  be  represented  by  an  incremental  exposure  then  we  can,  as  an  example, 
expose  a  plastic  for  a  specific  ultraviolet  exposure  (in  kJ/m^)  at  several 
different  temperatures  and  employ  equation  7  to  determine  its  activation 
energy.  This  can  be  done  by  plotting  dP/dEuv  versus  1/T  and  computing  the 
activation  energy  from  the  relationship  tan  a  ■  E/R  from 

dP/dEuv  =  LVR  (1/T)  -  ln(A)  (8) 
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Placing  equation  7  in  exponential  form,  as  presented  in 
equation  8,  a  thermal  reaction  coefficient  S  for  exposure  of  this  plastic  at 
temperature  T  can  be  developed  as  shown  in  equation  9. 

S  -  dP/dEuv  -  A  e{-E/'RT}  (9) 

A  thermal  velocity  coefficient  V  can  be  computed  from  the  ratio  of  two 
thermal  reaction  coefficients  8  and  S'  normalized  to  an  arbitrarily  selected 
reference  temperature  T'  such  that 

V  -  S/S'  -  e{-E/RT}/e{-E/RT'}  (10) 

and  since  this  velocity  coefficient  applies  to  the  independent  variable,  or 
ultraviolet  exposure  in  this  example,  we  may  now  thermally  adjust  the 
measured  ultraviolet  exposure  data  used  to  expose  a  plastic  whose  activation 
energy  we  either  knov;  or  have  determined.  Using  this  thermally  adjusted 
ultraviolet  irradiaince  data,  we  may  now  plot  the  change  in  property  (or  log 
of  the  change  in  property)  versus  the  thermally  adjusted  ultraviolet  exposure 
Btuv  (or  log  of  exposure)  to  give,  for  example. 


AP  -  m  (log  Et  uv  ~  log  i),  or  (11) 

log  AP  ■  m  (Etuv  -  1)  (12) 

These  equations  may  be  considered  as  representing  a  "unified  exposure  theory" 
that  will  permit  the  normalization  of  both  irradiance  data  (ultraviolet)  and 
exposure  temperature  in  exposure  tests.  This,  in  turn,  means  that  differ¬ 
ences  in  exposure  results  can  then  be  interpreted  in  terms  of  differences  in 
environmental  constituents  such  as  humidity/  moisture/dew  formation  and 
localized  environmental  constituents  (ozone,  smog,  acid  rain,  etc.). 

Although  this  approach  emphasized  ultraviolet  effects  for  outdoor  exposure, 
the  analysis  technique  is  applicable  to  the  thermal  effects  that  occur  as  a 
result  of  indoor  exposure.  The  extent  to  which  this  modelling  approach  could 
be  applied  to  the  container  mat.3rials  investigated,  as  will  be  discussed 
further  in  subsequent  paragraphs,  was  limited  by  the  performance  of  the 
materials  during  the  exposure  tests  and  the  short  duration  of  the  exposure 
testing.  That  is  the  HDPE  was  found  to  exhibit  a  failure  very  close  to  the 
end  of  the  induction  phase  while  neither  of  the  materials  were  exposure 
tested  long  enough  to  characterize  the  rate  controlling  step. 


3.0  PHASE  I  -  DISCUSSION  OF  RESULTS 


3.1  Literature  Survey  Results 

The  results  of  the  literature  survey  were  reported  on  in  DSET 
Report  No.  R2970-5  (Reference  24).  The  procedural  objectives  of  the  effort, 
as  discussed  in  paragraph  2.2,  were  met.  The  sur’/ey  showed  that  little 
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public  information  exists  on  the  quantitative  performance  of  plastic 
materials  beyond  five  year  test  programs.  The  fact  that  plastic  materials, 
and  polymers  In  general,  are  in  use  well  beyond  a  five-year  period  suggests 
the  potential  for  plastic  products  with  greater  than  five  year  lifetimes. 
Unfortunately,  the  literature  survey  clearly  proved  that  little  engineering 
information  exists  on  which  to  base  the  design  life  of  products  manufac¬ 
tured  with  plastic  materials,  especially  in  long-term  applications  vdiere 
performance  is  critical. 

The  results  of  the  literature  survey  proved  valuable  to  the  overall 
understanding  of  the  performance  of  plastic  materials  since  it  studied  the 
eleven  materials  listed  in  Table  1,  and  specifically  addressed  the  develop¬ 
ment  of  test  procedures  for  the  HOPE  and  polyester  materials  used  for  the 
test  items  studied  in  Phase  II.  The  survey  identified  information  on  the 
degradation  mechanisms,  amd  thus  the  environmental  sensitivities,  of  the 
materials.  This  information  allowed  the  development  of  the  Phase  II  environ¬ 
mental  testing  approach  and  the  materials  properties  measurement  approach. 

The  degradation  of  the  materials  studied,  the  sensitivities  of  the  materials 
investigated  and  how  the  results  of  the  literature  survey  were  used  are 
discussed  in  the  following  paragraphs. 


3.1.1  Example  of  the  Use  of  Literature  Survey  Results 

The  use  of  the  technical  literature  survey  to  identify 
the  chemical  basis  for  the  degradation  of  generlcally  classified  plastic 
materials,  is  exemplified  by  the  following  discussion  concerning  one  of  the 
literature  citations  Identified  during  the  survey  and  highlights  the  limited 
usefulness  of  using  repotted  data  to  judge  the  acceptability  emd  qualifica¬ 
tion  of  any  specific  materials.  The  information  contained  in  Figure  7 
alludes  to  the  durability  of  plastic  materials.  In  this  case  fiber  reinforced 
polyester  which  is  generically  related  to  the  sheet  molding  compound  of 
interest  to  the  M2A1  container,  being  acceptable  for  10  to  12  years,  Even  If 
the  articles  reported  on  in  literature  were  fabricated  from  the  same  material 
intended  for  the  M2A1  container,  the  usefulness  of  the  Information  to  the 
prediction  of  the  M2A1  container's  functional  lifetime  would  be  limited  by 
the  probability  that  the  specific  materials,  additives  and  processes  used 
after  10  to  12  years  would  be  changed.  The  significance  of  the  information 
to  the  project  resides  simply  in  the  logic  that  a  specific  fiber  reinforced 
material,  exhibiting  an  acceptable  degree  of  durability  for  up  to  12  years  of 
outdoor  exposure,  suggests  that  a  like  material  subjected  to  primarily  indoor 
exposure  conditions  would  have  potential  to  exhibit  an  accepted^le  degree  of 
durability  In  excess  of  12  years. 


STUDY  OF  THE  AGEING  RESISTANCE  UNDER  NATURAL  CLIMATIC  CONDITIONS  OF 
POLYMETHACRYLA'l'E,  POLYCARBONATE  AND  POLYESTER  PLATES  AND  SELECTED 
COATINGS  AND  PACINGS;  Journal  Article 

Goliszek,  Anna;  Pol.;  Pr.  Inst.  Tech.  Budow. ,  10(3),  54-61;  1981; 
Polish; 

The  weathering  resistance  was  reported  for  16  plastic  panels, 
coatings  and  facings  exposed  to  natural  weathering  in  Warsaw  for 
up  to  13  years.  The  investigated  materials  Included  glass  fiber- 
reinforced  polyester  panels,  fire-resistant  glass  fiber-reinforced 
polyester  panels,  chlorinated  rubber  of  acrylic  coatings,  etc. 

For  example,  decorative  durability  of  glass  fiber- reinforced 
polyester  panels  was  6  yr.,  whereas  their  durability  with  respect 
to  mechanical  properties  was  10-12  yr. 

Descriptors;  *Heathering  resistance;  *Glass  reinforced  polyester; 
•Weathering  resistauice;  ‘Polycarbonate  weathering  resistance;  *Fire 
resistant  polyester  weathering  resistance;  ‘Acrylic  weathering 
resistance;  ‘Natural  weathering;  ‘Rubber  chlorinated  coating 
weathering  resistance; 


Figure  7i  Literature  Survey  Citation  -  Excerpt  From  Reference  24 


The  major  conclusion  to  be  made  from  this  example  is  that 
the  test  plan  resulting  from  this  project  must  provide  for  concurrent  real¬ 
time  and  accelerated  exposure  testing  of  the  component  materials  used  in 
container  items.  This  will  be  made  obvious  in  subsequent  paragraphs  by  the 
performance  of  the  containers  in  real-time  exposure  tests.  Other  literature 
identified  the  chemical  mechanisms  by  which  the  plastic  materials  studied 
degrade  and  thus  suggested  the  environmental  parameters  which  cculd  be  used 
to  accelerate  the  effects  of  long-term  ageing.  The  degradation  mechanisms 
for  several  of  the  plastics  studied  are  summarized  in  the  following 
paragraphs; 


3.1.2  Material  Degradation  Mechanisms 


3 . 1 . 2 . 1  Polycarbonate 

Polycarbonate  is  available  in  number  of  grades 
which  offer  exceptional  impact  resistauice.  It  is  based  on  dihydric  or 
polyhydric  phenols  which  are  linked  through  carbonate  groups.  Its  structural 
properties  are  adversely  affected  by  ultraviolet  exposure  but  when 
appropriately  stabilized  or  filled  it  is  used  in  wide  variety  of 
applications.  Until  the  work  of  Clark  and  Hunro  in  1982  (Reference  25), 
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solid  state  polycarbonate  was  thought  to  degrade  by  the  Photo-Fries 
rearrangement  shown  in  equation  13  both  at  the  surface  and  in  the  bulk 
(Reference  26).  Their  findings  indicate  that  the  surface  of  polycarbonate 
actually  degrades  by  photoxidation  shown  in  ecjuation  14.  Their  work  further 
showed  that,  at  equilibrium,  surface  degradation  and  the  mechemism  of 
degradation  depends  greatly  on  the  wavelength  of  irradiation  and  flux  rate. 
The  significance  of  these  findings  is  in  the  low  probability  of  forming 
ultraviolet  edDsorbing  phenyl  salicylates  at  the  surface  of  polycarbonate 
during  natural  outdoor  exposure. 


(13) 


KFr[>«>u3i»aj,»’HENOLs.Ano  esteks 
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The  effect  of  water  on  the  photochemistry  of 
polycarbonate  is  made  obvious  by  the  study  of  stoichiometry  auid  kinetics 
(Reference  25).  The  detrimental  effects  of  hydrolysis  is  increased  when 
polycarbonate  is  initially  irradiated  under  dry  conditions.  Surface 
degradation  effects  due  to  short  wavelength  irradiation  (formation  of  phenyl 
salicylates)  are  generally  water  leachable  or  removable.  The  products  formed 
during  irradiation  under  dry  conditions  although  not  affected  by  water,  cause 
chain  breaks  and  form  polar  groups  which  favor  the  penetration  of  water  and 
the  liberation  of  bisphenol  A  monomers  which  photooxidize  faster  than  the 
polymer  (Reference  27). 

The  strength,  impact  resistance  and  craze  resis- 
teince  of  polycarbonate  are  closely  related  to  thermal  conditions  during 
i rocessing.  As  noted  in  Reference  28,  the  annealing  conditions  used  to  treat 
polycarbonate  are  closely  related  to  impact  resistance.  Cyclic  temperature 
excursions  are  particularly  detrimental  when  polycarbonate  materials  contain 
a  relatively  high  percentage  of  moisture.  Water  resides  in  raicrovoids  which 
cause  the  material  to  craze  with  temperature  changes. 

The  mechanism  by  vrtiich  unfilled  polycarbonate 
degrades  is  sensitive  to  the  synergistic  effects  of  the  wavelength  distri¬ 
bution  of  incident  solar  radiation,  temperature  and  moisture.  It  is  unlikely 
that  the  use  of  polycarbonate  as  military  item  packaging  material  would  use 
unfilled  or  unpigmented  polycarbonate.  Intuitively,  degradation  due  to  solar 
radiation  exposure  would  therefore  be  limited  to  the  surface  of  packaging 
items.  This  surface  degradation  is  important  to  impact  resistance  however, 
Logistic  chain  information  suggests  that  direct  exposure  to  solar  radiation 
(i.e.,  the  two-year  uncontrolled  exposure)  would  be  minimal  early  in  the  life 
cycle  of  any  of  the  containers  studied  in  this  project  and  therefore  suggests 
that  the  effects  of  solar  exposure  would  be  greater  at  the  end  of  the  life 
cycle. 


3. 1,2. 2  Acrylonitrile,  Butadiene,  Styrene  Polymers  (ABS) 

The  performance  of  ABS  is  dependent  upon  the 
contribution  of  each  of  the  monomers  from  which  it  is  comprised. 

Acrylonitrile  offers  the  property  presence  of  butadiene  while  the  styrene 
monomer  contributes  rigidity.  The  mechanism  by  which  ABS  degrades  includes 
the  oxidation  of  the  rubber  component.  The  rubber  component,  under  normal 
circumstances,  allows  the  formation  of  rolcrocracks  which  serve  to  relieve 
intrinsic  stress.  The  embrittlement  of  the  rubber  component  by  oxidation, 
prevents  the  formation  of  microcracks  £nd  leads  to  major  fracture.  The 
oxidative  process  begins  at  the  surface  and  as  a  result  of  this,  oxygen  is 
allowed  to  penetrate  to  an  increasing  depth  within  the  bulk  material.  The 
net  result  of  the  oxidative  mechanism  is  a  drastic  loss  of  impact  resis¬ 
tance  which  will  occur  as  soon  as  the  surface  is  attacked. 

The  rubber  portion  of  ABS  polymers  is  susceptible  to 
photooxidation  initiated  by  ultraviolet  irradiation.  The  butadiene  units  are 
photooxidized  by  molecular  oxygen  througli  free  radical  oxidation  mechanisms 
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or  by  singlet  oxygen  -ene  type  oxygen  raechanisms  (Reference  29).  Ghaemy  and 
Scott,  in  Reference  12,  state  that  the  loss  of  impact  strength  due  to 
photooxidation  is  paralleled  by  a  decrease  in  the  concentration  of  1,  2- 
dialkylethylene  groups  in  the  polybutadiene  component.  They  also  found  that 
the  degradation  of  impact  strength  was  closely  related  to  irradiation  time. 

The  necessity  for  considering  the  synergistic 
effects  of  environmental  oonditi.'^ns  when  designing  an  accelerated  test  are 
shown  for  PBS  in  References  30  and  31  where  the  effects  of  processing  and 
thermal  history  were  found  to  influence  tensile  and  elongation  properties  in 
addition  to  the  rate  of  change  of  tepsile  strength  due  to  ultraviolet 
exposure.  The  work  reported  by  Geuskens  and  Bastin  also  showed  that  a 
phenolic  amtioxidant  used  to  stabilize  the  ABS  had  a  detrimental  effect  on 
the  tensile  properties,  in  addition  to  the  negative  effect  that  a  hindered 
amine  ultraviolet  light  stabilizer  had  on  the  antioxidant. 

The  effects  of  processing  conditions  (160*C)  in  air 
were  found  to  be  related  to  the  occurrence  of  acetophenone  groups  (signif¬ 
icant  to  a  decrease  in  average  molecular  weight)  and  therefore  a  decrease  in 
tensile  strength.  Samples  prepared  using  increasing  periods  of  time  at 
temperature,  subsequently  irradiated  with  ultraviolet  light  from  280nm  to 
360nm,  with  peak  wavelength  at  310nm,  where  found  to  have  increased 
concentrations  of  acetophenone  groups. 

The  significance  of  the  work  reported  in  the  study 
of  ABS  polymers  is  that  drastic  changes  in  the  surface  chemistry  resulting 
from  ultraviolet  eu\d/or  thermal  exposures  can  occur  in  a  matter  of  minutes. 
However,  the  rate  of  property  change  generally  reaches  a  plateau  after 
several  hundred  hours  of  exposure  only  because  the  chemistry  of  the  surface 
layer  provides  a  barrier  to  further  degradation. 

The  mechanism  by  which  unprotected  ABS  degrades  is 
particularly  sensitive  to  the  effects  of  solar  radiation  after  even  very 
short  term  exposures.  The  volume  of  literature  describing  the  poor  envi¬ 
ronmental  performance  of  uncoated  ABS  sugge.sts  that  unprotected  ABS  is  not 
suited  for  long-term  packaging  applications.  The  use  of  surface  coatings  to 
protect  ABS  would  considerably  complicate  the  determination  of  realistic 
accelerated  test  conditions  because  the  test  conditions  must  also  consider 
the  performance  and  effects  of  th^*»coating  on  the  ABS.  Degradation  of  ABS  is 
greatly  dependent  upon  the  rate  of  oxidation  occurring  within  the  bulk  of  the 
polymer.  Solar  exposure  would  accelerate  this  rate.  However,  stable  surface 
coatings  could  be  used  to  prevent  the  degradation  due  to  solar  radiation 
exposure  until  the  surface  coating  itself  failed.  The  structural  property 
degradation  of  the  coated  ABS  item  would  under  these  circumstances  depend 
primarily  on  thermal  and  humidity  environmental  parameters. 


3. 1.2.3  Polyethylene 

Polyethylene  is  a  partially  crystalline  themo- 
plastic,  although  inherently  unstable.  It  is  used  in  a  variety  of  outdoor 
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service  items.  This  is  made  possible  through  the  use  of  stabilizers  and 
antioxidants.  High  density  polyethylene  results  from  a  low  pressure  polymer¬ 
ization  reaction  which  allows  the  formation  of  long  linear  chains  with  little 
or  no  branching  (Reference  32).  Polyethylene  (and  polypropylene)  undergo 
photooxidation  where  the  mechanism  proceeds  through  a  hydroperoxide  stage. 

The  following  equations  show  a  degradation  mechanism  for  the  general  case. 
Specific  morphology  aind  different  processing  conditions  will  have  modified 
reaction  stages  that  are  essentially  specific  to  each  (Reference  33  and  34). 


hv 


RH - >  R' 

‘  +  H*  (Photo) 

(15) 

RH  +  Oi - > 

R*  +HO2*  (Thermal) 

(16) 

Propagation 

R*  +  O2  - 

->  ROO*  (Chain  Reaction) 

(17) 

ROO*  +  RH - > 

ROOH  +  R* 

(13) 

Termination 

R*  +  R'*  - 

— >  RR'  (non-propagating) 

(19) 

R'*  +  ROO*  - 

->  R'OOR 

(20) 

RCX)*  R'OO - 

■•>  ROOOOR' 

(21) 

The  study  on  thermal  oxidation  reported  in  Reference 
35,  at  a  temperature  of  100*C  at  the  surface  of  low  density  polyethylene, 
showed  that  the  rate  of  chermal  oxidation  at  the  surface  increases  after  150 
hours  of  exposure  while  the  rate  of  thermal  oxidation  in  the  bulk  tends 
toward  steady  state.  This  work  also  showed  that  hydro-peroxide  formation,  as 
a  result  of  photooxidation,  reached  a  maximum  after  approximately  300  hours 
of  exposure  and  began  to  decrease  long  before  carbonyl  formation  reached  a 
maximum.  Although  this  information  cannot  be  entirely  applied  to  the  high 
density  polyethylene  materials  pertinent  to  this  project  because  the  study 
was  conducted  on  unfilled  and  unstabilized  low  density  polyethylene,  the 
degradation  trends  reported  are  very  significant. 

This  work  showed  that,  compared  to  photooxidation, 
the  uptake  of  oxygen  during  thermal  oxidation  is  low.  Further,  the  role  of 
hydroperoxides  in  the  thermal  degradation  mechanisms  at  the  surface  is  not  as 
Important  as  in  the  bulk  and  that  the  extent  of  oxygen  uptake  is  greater  in 
the  bulk  than  in  the  surface.  This  suggests  tliat  the  thermally  induced 
oxidative  degradation  of  polyethylene  Is  predominantly  a  bulk  effect. 
Therefore,  in  a  real  system  (one  containing  the  appropriate  stabilizers  and 
antioxidants)  at  a  given  temperature  the  rate  of  degradation  due  to  thermal 
oxidation  is  primarily  dependent  on  the  concentration  and  stability  of 
additives  and  that  over  a  defined  temperature  range  thermal  oxidation  effects 
cannot  be  accelerated.  This  does  not  say  however,  that  photooxidation  or 
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photooxidation  combined  with  thermal  oxidation  will  not  accelerate  degra¬ 
dation  of  surface  dependent  physical  properties  euid  thus  cause  bulk  failures. 
The  report  also  indicates  that  the  rate  of  degradation  in  the  bulk  due  to 
photooxidation  tends  to  decrease  with  exposure  time  which  suggests  that  a 
barrier  layer  may  be  formed  due  to  reaction  products,  although  it  also  seems 
likely  that  the  rate  of  photooxidation  depends  on  the  diffusion  rate  of  UV- 
stabilizer  to  the  surface. 

The  choice  of  pigments  and  fillers  also  greatly 
affect  the  weathercibility  of  polyethylenes.  The  mechanism  by  which  they 
contribute  to  or  decrease  stability  is  complex  and  undoubtedly  dependent  upon 
their  absorption  properties,  in  the  case  of  ultraviolet  induced  effects,  and 
their  synergism  with  additives  and  oxygen,  in  the  case  of  thermal  oxidation 
induced  effects.  Degradation  due  to  solar  radiation  exposure  would  be 
limited  to  the  surface  of  packaging  items  early  in  tl t  life  cycle.  As  noted 
for  polycarbonate,  logistic  chain  information  sugge'  .  that  direct  exposure 
to  solar  radiation  (i.e.,  the  two-year  uncontrolled  exposure)  would  be 
minimal  early  in  the  life  cycle  and  therefore  suggests  that  thermal  oxidative 
degradation  mechanisms  will  predominate.  The  literature  indicates  that 
thermal  oxidation  effects  cannot  be  accelerated  at  a  given  temperature 
however,  higher  temperatures  would  increase  the  degradation  rate.  Therefore, 
if  we  assume  that  the  reaction  products  of  thermal  degradation  are  not 
temperature  dependent  (for  Instance  over  a  small  increase  in  temperature 
above  actual  use  conditions,  but  below  critical  transition  temperatures)  it 
should  be  possible  to  realistically  accelerate  thermal  degradation  effects  by 
testing  at  temperatures  slightly  above  maximum  service  temperatures. 


3. 1.2.4  Polypropylene 

Commercial  polypropylene  is  primarily  crystalline 
and  is  more  thermally  stable  than  polyethylene.  Like  polyethylene,  the 
photooxidation  of  polypropylene  involves  hydroperoxide  and  carbonyl 
formation.  The  photooxidation  mechanism  differs  from  polyethylene  in  that 
the  concentration  of  hydroperoxides  continues  to  increase  with  increasing 
irradiation  time  (Reference  36).  In  a  series  of  articles  by  Allen  and 
Fatinikun  (References  S'z-SS),  it  is  shown  that  carbonyl  groups  dominate  the 
rate  of  photodegradation  for  highly  oxidized  polypropylene  however,  their 
role  in  initiating  photooxidation  is  qiiestioned.  They  also  show  that  in 
mildly  oxidized  polypropylene,  hydroperoxides  control  the  rate  of  photo¬ 
oxidation. 


The  authors  show  evidence  for  an  oxygen-polymer 
charge  transfer  mechanism  for  the  initiation  of  photooxidation.  Their  data 
also  strongly  indicates  that  the  degradation  mecheinism,  in  this  case  the  rate 
controlling  mechanism,  is  dependent  on  the  wavelength  distribution  of 
irradiation.  The  charge  transfer  mechanism  is  not  important  to  tlie  deter¬ 
mination  of  an  accelerated  test  procedure  because  the  initial  degree  of 
oxidation  exhibited  in  the  test  article  will  be  dependent  on  the  processing 
conditions  used  to  fabricate  the  test  article.  The  influence  of  the  wave¬ 
length  distribution  of  the  irradiation  on  the  rate  of  hydroperoxide  and 
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carbonyl  formation  is  most  significant.  The  effect  of  wavelength  distribu¬ 
tion  on  the  photooxidation  of  polypropylene  is  shown  by  an  increase  in  the 
induction  period  when  polypropylene  is  irradiated  with  wavelengths  greater 
than  370nm  as  compared  to  polypropylene  irradiated  with  a  complete  spectrum 
including  ultraviolet.  Under  this  circumstance  the  hydroperoxides  are 
expected  to  react  but  not  the  carbonyls.  However,  the  induction  period  is 
also  increased,  although  not  to  the  extent  of  the  former  case,  when  poly¬ 
propylene  is  irradiated  with  wavelengths  less  than  2000nm.  The  significance 
of  these  findings  is  in  the  fact  that  even  though  hydroperoxides  photolyze  to 
give  carbonyl  groups,  photooxidation  will  not  progress  unless  the  carbonyl 
groups  undergo  further  reaction. 

Accelerating  the  degradation  of  polypropylene  will 
depend  on  producing  a  high  degree  of  oxidation  during  the  initial  portion  of 
the  exposure  and  the  production  of  a  complete  solar  spectrum  in  the  test 
chamber.  The  high  degree  of  oxidation  required  can  be  produced  by  high 
temperature.  However,  to  maximize  the  wavelength  distribution  in  the  test 
chamber,  it  would  be  necessary  to  minimize  humidity  at  least  for  some  portion 
of  the  exposure  cycle. 


3. 1.2. 5  Polyester  Sheet  Molding  Compound 

The  information  obtained  for  polyester  sheet  molding 
compounds  pertinent  to  the  design  of  an  accelerated  test  method  was  minimal 
as  compared  to  the  other  materials  investigated.  This  lack  of  specific, 
detailed  degradation  mechanism  information  may  in  part  be  due  to  the  constant 
change  and  improvements  made  in  composite  materials  over  the  last  several 
years.  Our  discussion  of  degradation  mechanisms  for  polyester  sheet  molding 
compounds  is  therefore  cursory. 

Polyesters  for  reinforced  plastics  for  military 
items  are  generally  based  on  the  unsaturated  polyesters  and  the  allyl  type 
resins.  Unsaturated  polyesters  are  polymerized  from  a  mixture  of  unsatu¬ 
rated  and  saturated  acids  or  anhydrides.  The  unsaturates  provide  sites  for 
reaction  with  the  monomer,  while  the  saturates  control  the  location  of  these 
sites  within  the  polymer  molecule.  Maleic  anhydride  and  its  isomer  fumaric 
acid  are  the  principal  unsaturates  in  polyester  synthesis.  The  common 
saturates  are  orthophthalic  anhydride  and  isophthalic  acid.  The  principal 
dibasic  alcohols  are  propylene,  diethylene  and  ethylene  glycols.  Monomers 
for  laminating  resins  include  dialkylphthalate ,  diallylisophthalate, 
triallylcyeinurate,  styrene,  vinyl  toluene,  methymethacrylate  and 
dichlorostyrene . 


The  usual  means  of  initiating  the  copolymerization 
of  the  polyester  with  the  monomer  is  by  the  action  of  peroxide  catalysts. 

The  specific  catalyst  determines  the  temperature  at  which  curing  takes  place. 
Some  catalysts  are  reactive  at  room  temperatures,  while  others  require  the 
applic  cion  of  heat.  Common  catalysts  for  laminating  formulations  are 
activated  in  a  temperaturci  range  between  112®C  and  155®C.  Characteristic  of 
pol.i"?ster  cure  is  the  fact  that  once  the  reaction  has  been  initiated,  it 
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proceeds  to  completion  and  cannot  be  interrupted  at  an  intermediate  stage. 
Completion  occurs  when  92  to  95%  of  the  unsaturated  ester  sites  have  been 
depleted  (Reference  40). 


The  blooming  of  glass  fibers  for  unfilled  polyester 
composites  is  generally  preceded  by  yellowing  of  the  matrix  due  to  solar 
radiation.  The  yellowing  of  these  composites  is  due  to  photooxidation  of 
unreacted  unsaturated  sites  on  the  polymer  chain.  The  first  sign  of  the 
effects  of  weathering  generally  associated  with  filled  composites  is  the 
exposure  of  glass  fibers  at  the  surface  of  the  material.  The  exposure  of  the 
glass  fibers  is  a  result  of  cracking  and  erosion  of  the  matrix  around  the 
glass  fibers.  This  process  is  the  combination  of  photolytic  processes 
involving  the  resin  and  the  physical  effects  of  temperature  and  humidity 
fluctuations.  The  stress  fatigue  associated  with  failure  of  the  matrix 
depends  on  the  coefficient  of  thermal  expansion  mismatch  between  the  glass 
and  the  matrix  and  the  differential  swelling  and  shrinkage  of  the  resin  due 
to  moisture  (Reference  41). 

The  number  of  accessible  hydrolyzable  ester  groups 
in  polyesters  have  been  found  to  affect  the  extent  of  hydrolysis  leaching  in 
hot  water.  The  formation  of  surface  cracks  and  the  debonding  of  glass  fibers 
are  also  related  to  the  number  of  hydrolyzable  ester  groups.  Debonding  and 
surface  cracks  are  generally  the  first  signs  of  damage  in  glass  reinforced 
laminates.  Pritchard  and  Taneja  report  in  Reference  42,  that  although 
bisphenol  polyesters  exhibited  considerable  cracking  after  5C  days  of 
exposure  to  100*C  water,  vinyl  ester  resins  had  no  cracking,  samples  exposed 
to  80 ®C  water  showed  no  degradation  of  mechanical  properties  even  after  S3 
days. 


3.2  Logistics  Chain  Study  Results 

The  logistics  chain  study  resulted  in  a  detailed  documentation  of 
the  physical  movement  of  ammunition  items  from  the  load  plant  to  permanent 
storage  areas  and  the  characterization  of  the  logistics  chain  environments. 
The  features  of  the  logistics  chain,  as  described  in  Appendices  A  and  B,  are 
related  to  a  time  scale  which  can  change  with  the  need  for  ammunition  items, 
changes  in  production  schedules,  training  schedules,  test  schedules  and  war. 
As  noted  in  Appendix  A,  the  expected  lifetime  of  ammunition,  and  thus  the 
packaging  container  items  is  at  the  present  time  far  less  than  thirty  years. 
The  expected  lifetime  could  be  changed  by  an  increase  in  production  or  the 
stockpiling  of  ammunition  over  time,  the  use  of  the  items  in  the  event  of  war 
or  an  increase  in  the  frequency  of  maneuvers.  The  dynamics  of  the  logistics 
chain  must  therefore  be  considered  when  designing  plastic  ammunition 
containers,  the  selection  of  container  materials  and  during  the  interpreta¬ 
tion  of  plastic  packaging  qualification  and  acceptance  test  results. 

As  an  example,  one  of  the  ammunition  items  studied  is  currently  in 
short  supply.  Therefore,  a  study  of  the  performance  of  plastic  packaging  on 
a  statistical  basis  for  this  item,  similar  to  that  which  has  typically  been 
conducted  for  ammunition  protected  by  metal  packaging  in  order  to  determine 
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the  statistics  of  accurate  delivery  to  the  target,  will  not  provide  long-term 
performance  data.  The  use  of  ammunition  performance  to  evaluate  the  perform¬ 
ance  of  packaging  in  this  case  therefore  cannot  be  used  as  a  basis  for 
qualification  of  material  or  packaging  design. 

At  the  present  time,  packaging  containers  are  apparently  produced 
at  a  rate  similar  to  the  ammunition  items.  Loaded  containers  are  unlikely  to 
spend  more  than  one  year  in  storage  at  the  load  plant  before  deployment.  The 
initial  portion  of  the  lifetime  of  a  plastic  ammunition  container  is 
dependent  on  the  features  of  the  load  plant  environment  and,  at  least  at  the 
present  time,  covers  a  period  on  the  order  of  one  year.  The  transportation 
environment  occurring  after  the  ammunition  is  loaded  into  the  container 
covers  a  period  of  months.  The  deployment  of  the  items  to  the  permanent 
storage  areas  is  also  on  the  order  of  months,  dontainers  may  be  stored 
indoors  or  outdoors  prior  to  loading.  The  environment  to  be  experienced  by 
the  containers  early  in  the  life  cycle  will  never  be  worse  than  the  environ¬ 
ment  presented  at  the  load  plant  «und  the  environment  presented  at  the  ports 
of  embarkation  and  debarkation.  In  order  to  minimize  the  dependence  of 
lifetime  prediction  models  on  statistical  testing,  the  container  items  should 
be  subjected  to  the  worst  possible  conditions  of  the  load  plant,  transporta¬ 
tion  environment  and  the  port  of  debarkation,  over  an  equivalent  period  of 
time  before  conducting  exposure  tests  to  determine  the  effects  of  any 
environment  on  the  long-term  performance  of  the  container  items. 

The  ability  of  the  container  items  to  meet  "form,  fit,  and 
function"  requirements  after  the  first  one  or  two  years  of  their  manufacture 
could  be  determined  using  typical  Mil-Std  810D  test  procedures  as  tailored  by 
the  MVTR  requirements.  However,  these  test  procedures  carried  through  to  en 
arbitrarily  chosen  set  of  conditions,  cycle  time  and  number  of  cycles  would 
be  inadequate  for  determining  the  acceptance  and  qualification  of  plastic 
container  items  or  container  iten.  materials  for  long-term  use.  The  reason 
for  this  relates  to  the  time  at  temperature  dependent  degradation  mechanisms 
of  the  specific  plastic  materials  used  for  the  containers.  As  suggested  in 
the  preceding  paragraphs,  plastics  are  stabilized  for  specific  environmental 
uses,  additives  are  used  to  enhance  processing  and  the  manufacturing 
procedures  and  manufacturing  procedures  are  continually  made  more  efficient 
by  changes  in  the  meuiufacturing  thermal  cycles  and  processing  aids  used. 
Therefore,  lot-to-lot  variations  of  plastic  items  will  be  a  major  concern  for 
the  qualification  of  plastics  for  use  in  ammunition  packaging  applications 
and  must  be  accommodated  by  acceptance  test  procedures. 

The  results  of  the  logistics  chain  study  combined  with  the 
knowledge  of  typical  plastic  material  compounding  and  manufacturing 
procedures  and  processes,  clearly  suggests  that  the  efficacy  of  plastic 
container  items  can  be  predicted  for  up  to  two  years  using  typical 
Military  test  procedures.  The  extension  of  these  lifetime  prediction  models 
to  the  lifetimes  expected,  after  long  periods  of  time  under  typical  use  and 
storage  conditions,  requires  not  only  tailoring  of  typical  procedures 
currently  used,  but  close  monitoring  and  testing  of  container  items  on  a  lot¬ 
to-lot  and  batch-to-batch  basis.  The  test  plan  that  is  adopted  must  be  based 
on  experience  with  plastic  materials  under  current  consideration  the 


processing  procedures  auid  must  also  accommodate  future  improvements  and 
changes  in  materials  and  processing  techniques  ranging  over  the  production 
life  of  the  item. 


3.3  General  Features  of  the  Logistics  Chain  and  Considerations  for 

Test  Environments 

The  typical  average  environment  of  the  155mm  Propelling  Charge  is 
described  in  Table  6.  The  times  and  locations  listed  in  Table  6  also  apply 
to  the  M2A1  container  with  the  exception  of  the  load  plant  which  is  located 
near  Independence,  MO.  The  average  environment  for  Independence,  MO  is 
similar  to  the  average  environment  of  Charleston,  IN.  The  extreme  environ¬ 
ment  characteristics  for  the  ammunition  containers  are  summarized  in  Table  7. 
h  comparison  of  the  ultraviolet  radiation  environments  occurring  in  several 
United  States  locations  and  for  the  accelerated  tests  conducted  during  the 
project  is  shown  in  Table  8.  The  environmental  conditions  that  occurred 
during  the  outdoor  Arizona  exposure  tests  are  described  in  Appendix  C. 

The  consideration  of  the  t’  O,  moisture,  and  solar  aspects  of 
the  logistics  chain  environment  with  u  container  materials  degradation 
characteristics  form  the  basis  for  the  interpretation  of  the  environmental 
test  results.  The  preceding  discussion  of  materials  degradation  rate 
dependencies  on  environmental  factors,  such  as  temperature,  humidity,  and 
ultraviolet,  suggests  that  the  degree  of  acceleration  can  be  limited  by  the 
characteristics  of  the  plastic  material.  The  chemical  processes  which  occur 
in  the  material  as  a  result  of  environmental  exposure  follow  predictable 
kinetic  paths.  These  paths,  as  described  by  rate  equations,  relate  to 
material  property  changes  as  the  chemical  structure  of  the  plastic  changes. 
The  structural  and  chemical  changes  of  the  plastic  material  are  a  function  of 
the  time  at  specific  conditions. 

Accelerated  exposure  testing  often  has  the  objective  of  producing 
materials  effects  rather  than  the  objective  of  accelerating  the  degradation 
of  materials  properties  by  specific  mechanisms.  Environmental  exposure 
ting,  specifically  accelerated  environmental  exposure  testing,  must 
p,.jvide  conditions  by  which  a  material  can  degrade  following  realistic 
mechanisms  in  order  to  quantify  the  changf.  in  properties  with  respect  to  time 
at  condition.  As  an  example,  accelerated  environmental  testing  typically 
includes  ultraviolet  exposure.  Chemical  degradation  by  photo-  processes  is 
generally  limited  to  the  surface  of  materials.  Thus,  material  properties 
which  can  be  degraded  by  changes  in  the  surface  can  be  "accelerated”. 

However,  bulk  properties  may  remain  unchanged  or  degrade  by  mechanisms  which 
are  u  ’istic.  The  use  of  data  obtained  from  this  test  approach  often 
results  in  poor  correlation  of  test  data  with  actual  performaince.  The 
potential  for  unpredicted  performance  Is  especially  great  for  materials  and 
products  with  very  long  expected  lifetimes  when  lifetime  predictions  are 
based  on  short  duration  tests  which  do  not  cause  realistic  degradation 
mechanisms  through  the  Induction  phase  at  the  surface  and  in  the  bulk. 
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The  reason  this  test  approach  is  often  used  relates  to  the  limit  of 
a  material's  acceptability  being  in  the  induction  region  of  the  property 
degradation  curve  shown  in  Figures  5  anc'  The  success  of  the  test 
procedures  used  to  reach  the  end  of  th  .ion  period  thus  depends  chiefly 

on  identifying  the  end  of  the  induction  od  rather  than  the  manner  by 
which  the  degradation  of  the  property  was  caused.  The  times  needed,  by 
accelerated  and  real-time  environmental  testing,  to  reach  the  end  of  the 
induction  period  are  in  a  relative  sense,  close.  Therefore,  the  accuracy  of 
lifetime  prediction  for  materials  designed  to  reach  a  failure  point  in  the 
induction  period  is  greater  than  a  material  which  fails  in  the  rate  control¬ 
ling  region  of  the  property  degradation  curve.  The  prediction  of  ammunition 
container  performance  over  a  thirty-year  expected  lifetime  therefore  reguires 
that  the  sensitivity  of  container  material  performance  be  well  characterized 
in  the  induction  phase  since  a  viable  container  material  and  container  design 
will  likely  reach  a  failure  point  in  the  rate  controlling  region  of  the 
curve. 


Table  6 

155mm  Propelling  Charge  Logistics  Environment 


Average  Daily 


European 

Temperature 
Max.  Min. 

(•C) 

Ayg. 

Average 
%  RH 

Solar  Radiation 
(MJ/m2) 

Load  Plant 

Charlestown,  IN 

90  days 

30 

-4 

13 

69 

13.8 

Port  of  Embarkation 

Sunny  Point,  SC 

13  days 

32 

3 

18 

75 

15.3 

Port  of  Debarkation 
Nordenham,  West  Germany 

7  days 

22 

-2 

9 

79 

10.4 

Permanent  Storage 

Miesau,  West  Germany 

10-15  years 

25 

-2 

11 

74 

10.4 

Asian 

Load  Plant 

Charlestown,  IN 

90  days 

30 

-4 

13 

69 

13.8 

Port  of  Embarkation 
Concord,  CA 

19  days 

23 

6 

15 

75 

17.4 

Port  of  Debarkation 

Pusan,  South  Korea 

7  days 

29 

-2 

14 

66 

15.3 

31  -9 


Permanent  Storage 
Uijongbu,  South  Korea 
10  to  15  years 
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11 


69 


11.4 


Table  7 

Environmental  Extremes  of  Anununition  Logistics  Chain 


Average  Daily 


Temperature 
Max.  Min. 

("C) 

Ayg. 

Average 
%  RH 

Solar  Radiation 
(MJ/m2i 

Canal  Zone,  Panama 

32 

22 

27 

88 

16.2 

Yuma,  Arizona 

42 

6 

23 

37 

21.8 

Fairbanks,  Alaska 

22 

-30 

-3 

63 

8.7 

Table  8 

Comparison  of  Average  Yearly  Total  Ultraviolet  Radiation 
Below  385nm  Using  Various  Exposures 


EMMAQUA  ® 

1617.8 

MJ/m2 

24°  South  Florida 

308.0 

MO'/ m2 

34°  South  Arizona 

333.5 

MJ/m2 

Los  Angeles  Basin 

211.4 

MJ/in2 

Suntest  Exposure  Cabinet 

2453 

MJ/m2 

DSBT  Solar  Simulator 

1900 

MJ/m2 

*  24  hours  per  day,  365  days  per  year  -  below  400nm 


The  manner  by  which  and  the  chemical  mechanisms  by  which  the 
material  degrades  through  the  induction  period  is  important  to  the  container 
lifetime  prediction  model  since  the  conditions  occurring  during  the  induction 
phase  will  affect  the  time  that  a  material  will  function  aoceptaX-)ly  in  the 
rate  controlling  phase.  Unfortunately,  modelling  performance  and  properties 
in  the  induction  phase  is  complicated  by  the  dependence  of  plastic  materials 
on  additives  and  processing  conditions.  This  complexity  is  compounded  by  the 
use  of  more  thain  one  material  in  container  designs  which  offers  the  potential 
for  adverse  effects  of  material  incompatibility.  This  feature  of  container 
testing  must  especially  addressed  during  full-scale  item  testing. 

The  environmental  features  of  the  ammunition  container  logistics 
chain  v;hich  are  most  likely  to  influence  the  performance  of  the  container 
item  during  the  induction  phase  v/ill  most  likely  cause  thermal  and  moisture 
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degradation  processes  to  occur.  This  is  due  to  the  minimal  probability  that 
the  container  items  v/ill  be  exposed  to  the  outdoors  early  in  the  items'  life 
cycle.  The  requirement  for  the  accelerated  test  procedures  used  being 
capable  of  predicting  the  effects  of  a  two-year,  uncontrolled  outdoor 
exposure  at  anytime  during  a  thirty-year  lifetime  provides  the  test  guide¬ 
lines  needed  to  screen  candidate  container  materials  and  also  demands  that 
the  material,  once  selected,  be  thoroughly  characterized  in  regards  to 
performance  after  exposure  to  typical  long-term  conditions.  Container 
material  screening  and  acceptability  testing  should  logically  include  the 
solar  radiation  environment  since  a  material  which  degrades  to  an  unaccept¬ 
able  level  early  in  its  life  cycle  after  a  two-year  outdoor  exposure  would 
obviously  not  function  in  a  two-year  outdoor  exposure  late  in  the  life  cycle. 
The  use  of  combined  environment  testing  as  the  basis  for  lifetime  prediction 
models  for  containers  manufactured  from  materials  which  exhibit  acceptable 
performeince  during  initial  testing  could  be  used  to  identify  the  v/orst  case, 
or  shortest  life  cycle. 


3.4  Development  of  Full-Scale  Item  Test  Procedures 

The  role  of  full-scale  item  testing  in  the  development  of  a  life¬ 
time  prediction  model  centers  on  measuring  the  functionality  of  the  container 
items.  In  light  of  the  preceding  discussions  on  the  role  of  materials 
properties  in  a  container's  life  cycle,  a  full-scale  item  test  must  account 
for  the  degradation  of  each  container  material  component  in  addition  to 
providing  functional  performance  data.  The  approach  to  accomplishing  this, 
as  a  result  of  the  Phase  I  effort,  includes  the  idea  of  pre-ageing  and 
conditioning  the  container  items  prior  to  full-scale  item  testing.  As  noted 
in  the  preceding  paragraph  for  container  materials,  screening  tests  can  be 
conducted  to  determine  the  acceptability  of  particular  container  design 
features,  and  combined  environment  tests  can  be  used  to  Identify  v;orst  case 
performance.  However,  in  order  to  quantify  container  performance  as  a 
function  of  material  age,  the  container  items  must  be  tested  in  a  knovm 
"state  of  degradation". 

The  approach  taken  to  determining  the  moisture  vapor  transmission 
in  the  container  and  relating  the  transmitted  moisture  to  a  vapor  pressure 
differential  with  respect  to  time  at  constant  condltionf'  could  be  used  both 
ae  a  screening  test  for  contalnei*  design  as  wel 1  as  for  predicting  long-term 
performance.  As  an  example  of  predicting  moisture  gain  or  loss,  the  vapor 
pressure  differential  occurring  between  the  container  and  the  load  plant 
environment  could  be  determined  by  direct  measurement  of  the  temperature  aind 
humidity  at  the  time  of  loading,  or  be  based  on  the  average  conditions  inside 
the  load  plant  when  the  containers  are  filled.  The  change  in  the  vapor 
pressure  differential  after  long-term  ctorage  in  another  environment  could 
then  be  predicted  on  the  basis  o£  the  expected  rate  of  change  in  vapor 
pressure  differential.  The  vapor  pressure  differential  resulting  after  a 
period  of  time  could  then  be  used  to  determine  the  amount  of  moisture  in  the 
container.  As  noted  in  paragraph  2.4.2,  acceleration  of  the  factors 
rec-ui.ting  in  an  increase  in  moisture  vapor  transmission  are  not  directly 
)  elal^-.u  to  the  test  conditions  used.  However,  accurate  monitoring  of 
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moisture  vapor  transmission  and  the  characterization  of  a  particular 
container  design  under  a  variety  of  test  conditions  v;ould  allow  different 
containers  to  be  compared  and  judged  on  a  merit  basis. 

The  measurement  of  pressure  inside  the  container  was  also  consid¬ 
ered  during  the  Phase  I  effort.  The  pressure  retention  capability  of  the 
container  item  can  be  characterized  by  the  breaking  pressure  of  the  seal  and 
by  the  decay  in  pressure  occurring  in  a  pressurized  container.  Although 
these  features  cein  be  used  to  make  judgements  on  the  efficiency  of  the 
container  seal,  the  total  pressure  measured  inside  the  container  items 
however,  is  dependent  on  temperature,  water  vapor  pressure  and  the  diffusion 
of  air  through  the  container  walls  and  seal.  Therefore,  pressure  is  only 
related  to  the  long-term  functionality  of  the  container  to  the  extent  that 
the  container  seal  remains  intact  to  prevent  the  physical  ingress  of  water. 
Fluctuations  in  total  pressure  due  to  temperature  changes  or  altitude  can  be 
measured  and  used  to  identify  a  major  leak,  hov;ever  the  natural  decay  in 
pressure  level  due  to  diffusion  processes  cannot  be  used  for  performance 
prediction  modelling  since  total  pressure  is  dependent  on  the  partial 
pressures  of  all  the  gaseous  contents  of  the  container.  Further,  since 
containers  are  neither  pressurized  or  evacuated  at  the  load  plant,  the 
pressure  differential  will  never  exceed  much  more  than  several  pounds  per 
square  inch  in  pressure  or  vacuum.  The  pressure  differential  would  have  an 
effect  on  moisture  vapor  transmission  rate.  Measurement  of  moisture  vapor 
transmission  therefore  is  a  more  accurate  meams  for  determining  the 
sealad5illty  of  containers  that  are  well  sealed  to  begin  with. 


4 . 0  PHASE  II  -  RESULTS 


4.1  Arizona  Outdoor  Exposure  Testing 

Container  test  sample  materials,  Marlex  CL-100  samples  and  full- 
scale  155mm  Propelling  Charge  container  and  M2A1  container  items  v/ere 
exposure  tested  in  Arizona.  Test  items  were  mounted  on  a  south  facing  rack 
oriented  at  a  34  degree  angle.  The  34  degree  angle  is  the  exposure  site  at- 
latitude  angle  and  was  chosen  to  maximize  solar  radiation.  This  exposure 
test  was  the  only  real-time  test  conducted  during  the  project  and  thus 
provides  the  baseline  information  to  v/hlch  accelerated  exposure  test  results 
v;ill  be  compared.  The  test  was  conducted  between  November  13,  1987  and 
September  12,  1988.  Climate  data  for  the  exposure  period  is  exhibited  in 
Appendix  C.  Test  samples  were  removed  at  several  intervals  for  properties 
testing.  These  results  will  be  discussed  in  a  subsequent  paragraph. 

Test  sample  temperature  was  monitored  during  the  exposure  about 
solar  noon  time.  Average  maximum  sample  and  air  temperature  data  for  the 
exposure  intervals  used  during  the  test  are  shown  in  Table  9  with  the 
corresponding  ultraviolet  Irradiance  data  for  the  time  period.  The  ultra¬ 
violet  flux  during  the  exposure,  based  on  approximately  ten  hours  of  daylight 
each  day,  v;as  on  the  order  of  0.1  MJ/m^.hr,  A  ten-hour  day  was  also  used  to 
represent  the  typical  times  at  maximum  temperature  for  purposes  of  the  data 


45 


analysis  conducted  to  differentiate  thermal  effects  from  ultraviolet  induced 
effects.  This  daylight  hour  time  period  was  typical  for  the  exposure  test 
c»nd  chosen  to  provide  a  relative  time  basis  to  compare  the  outdoor  exposure 
tests  with  laboratory  and  outdoor  accelerated  exposure  tests.  Actual  time  at 
temperature  and  daylight  hour  measurements  could  be  derived  from  the  test 
data.  However,  doing  so  would  not  enhance  the  understanding  of  the  test 
results  since  all  of  the  exposure  testing  conducted  during  the  project  used 
the  same  relative  time  frame. 


Table  9 

Arizona  At-Latitude  Test  Sample  Temperature  and  Radiation  Data 


Ultraviolet 

Radiation 


Exposure 

Cumulative 

Avg.  Maximum  Air 

Avg.  Max.  Sample 

Below  385nm 

Interval 

Duration  (Davs) 

Temperature  (®C) 

Temperature  (®C) 

(MJ/m2) 

ll-i::,-87 

to 

03-28-88 

128 

26 

35 

101 

03-29-88 

to 

05-31-88 

05-31-88 

188 

31 

SO 

175 

to 

09-12-88 

290 

39 

65 

295 

Just  prior  to  the  end  of  the  exposure  test,  the  IBSmm  Propelling 
Charge  container  was  noted  to  have  cracked  on  surfaces  that  were  in  at  least 
partial  view  of  the  sun  during  the  exposure  test.  This  cracking  was  noted 
for  the  155mm  Propelling  Charge  container  test  samples  also.  The  cracks  were 
not  noticed  the  week  before  when  the  test  items  were  being  photographed.  The 
155ram  ProriAiiing  Charge  container  was  noticeably  faded  in  comparison  to 
containers  which  had  been  stored  in  the  laboratory.  The  test  items  were 
subjected  to  the  desert  environment  for  a  total  of  290  days  representing  some 
1160  low-high  and  high-low  temperature  excursions  due  to  day  and  night 
temperature  changes  at  the  time  these  defects  were  noted. 

The  M2A1  container  was  exposed  with  the  cover  and  handle  facing 
upward.  The  container  cover  and  the  upper  portion  of  the  container  sides 
exhibited  a  significant  degree  of  fiber  bloom  at  the  end  of  the  exposure 
test.  The  fiber  bloom,  with  the  associated  fading  of  color,  was  noticed  some 
months  before  and  progressively  increased.  The  container  handle  was  also 
cracked  at  the  end  of  the  test. 

The  results  of  this  testing  suggest  that  the  functional  properties 
of  the  container  items  investigated  could  be  detrimentally  affected  by  short 
outdoor  exposures  early  in  the  container  items'  life  cycle.  However, 
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prediction  of  the  functional  lifetime  of  the  containers  cannot  be  made  from 
this  single  test  since  no  functional  tests  were  conducted  on  the  container 
items  after  the  exposure  test  and  no  limits  of  acceptability  were  set  for  the 
defects  observed.  Cracking  of  the  HDPE  used  for  the  IBBmm  Propelling  Charge 
container  could  obviously  have  a  significant  influence  on  the  impact 
resistance  of  the  container  but  the  thickness  of  the  container  walls  could 
afford  adequate  protection.  Likewise,  the  cracked  handle  and  fiber  bloom 
occurring  on  the  M2A1  container  obviously  decreases  the  load  bearing 
capability  and  impact  resistance  of  the  container,  respectively. 


4.2  Accelerated  Outdoor  Exposure  Testing 

Container  test  sample  materials  and  Marlex  CL-100  samples  were 
subjected  to  accelerated  outdoor  exposure  testing  following  ASTM  G90  using 
the  EMllAQUA®  test  method.  The  test  method  uses  a  parabolic  solar  concentrat¬ 
ing  mirror  array,  which  follows  the  sun  throughout  the  day,  and  an  eight 
minute  purified  water  spray  cycle  at  hourly  intervals  of  the  irradiation. 

Test  items  were  mounted  in  the  target  plane  of  the  mirror  array.  Samples 
were  maintained  near  their  temperature  in  ambient  air  during  irradiation  by 
continually  blowing  air  over  their  surfaces.  The  sample  temperature 
decreased  to  ambient  air  temperature  or  to  just  below  ambient  air  temperature 
before  the  end  of  each  water  spray  cycle  and  rose  to  its  maximum  temperature 
within  eight  minutes  after  the  end  of  the  water  spray  cycle.  The  test  vjas 
conducted  between  November  13,  1987  and  September  12,  1988.  Climate  data  for 
the  exposure  period  is  exhibited  in  Appendix  C.  Test  samples  were  removed  at 
several  intervals  for  properties  testing.  These  results  will  be  discussed  in 
a  subsequent  paragraph. 

Test  sample  temperature  was  monitored  during  the  exposure  about 
solar  noon  time.  Average  maximum  sample  and  air  temperature  data  for  the 
exposure  intervals  used  during  the  test  are  shown  in  Table  10  with  the  corre¬ 
sponding  ultraviolet  irradiance  data  for  the  time  period.  The  ultraviolet 
flux  during  the  exposure,  based  on  approximately  ten  hours  of  daylight  each 
day,  was  on  the  order  of  0.4  MJ/m^.hr.  The  same  ten  hour  day  noted  for  the 
at- latitude  testing  was  also  used  to  represent  the  typical  times  at  maximum 
temperature  during  the  BMMAQUA®  tests  for  purposes  of  the  data  analysis 
conducted  to  differentiate  thermal  effects  from  ultraviolet  induced  effects. 
This  daylight  hour  time  period  was  typical  for  the  exposure  test  and  chosen 
to  provide  a  relative  time  basis  to  compare  the  outdoor  accelerated  exposure 
tests  with  the  other  exposure  tests  conducted  during  the  project. 

Container  material  test  specimens  exhibited  the  same  mode  of 
failure  noted  for  the  Arizona  at-latitude  test.  Namely,  cracking  and  fading 
of  the  HDPE  for  the  155mm  Propelling  Charge  container  material  and  fading  and 
fiber  bloom  for  the  H2A1  container  material.  The  test  items  were  subjected 
to  the  test  environment  for  a  total  of  200  days  v/ith  the  failures  described 
occurring  between  60  and  157  days  of  exposure.  After  157  days  of  exposure 
the  test  samples  had  been  subjected  to  some  1800  temperature  excursions  from 
the  v?ater  spray  and  day  and  night  cycles.  At  the  time  the  failures  were 
noted,  the  samples  had  a  total  ultraviolet  fluence  of  588  MJ/m^. 
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Table  10 

EMMAQUA®  Test.  Sample  Temperature  and  Radiation  Data 


Ultraviolet 

Radiation 


Exposure 

Interval 

Cumulative 
Duration  (Davs^ 

Avg.  Maximum  Air 
Temperature  (®C) 

Avg.  Max.  Sample 
Temperature  ( ®C ) 

Below  385nm 
(MJ/m2) 

11- 13-87 
to 

12- 13-87 

30 

22 

40 

107 

12-14-87 

to 

01-13-83 

60 

17 

37 

169 

01-14-88 

to 

04-18-88 

157 

25 

71 

588 

04-19-88 

to 

06-02-88 

195 

29 

72 

852 

02-23-88 

to 

09-12-88 

200 

31 

65 

1154 

Using  cracking  and  fiber  blooming  as  the  failure  criteria,  the 
results  of  this  testing  compared  to  the  results  of  the  Arizona  at-latitude 
test  suggest  that  outdoor  exposure  results  are  accelerated  by  small  temper¬ 
ature  excursion  cycles  as  well  as  by  the  ultraviolet  flux  or  the  average 
maximum  sample  temperature,  at  least  to  the  extent  that  the  at-latitude 
failures  were  noted  within  the  range  of  ultraviolet  fluence  and  the  time  at 
temperature  before  such  failures  occurred  during  the  EMMAQUA®  test.  A 
possible  explanation  for  this  apparent  relationship  could  be  derived  from  the 
discussion  of  time-temperature  superpositioning,  as  discussed  in  paragraph 
2.4.1  for  DMA,  it  j.«l<aces  to  the  £*ction  of  the  pigment,  the  ultraviolet 
and  thermal  stabilizers  in  the  HOPE  and  as  it  would  relate  to  the  debonding 
of  fibers  from  the  polyester  in  the  M2A1  container  material. 


4.3  Elevated  Temperature  and  Elevated  Temperature /Humidity  Testing 

Elevated  temperature  tests  were  conducted  at  71 ®C  using  a  mechan¬ 
ical  convection  oven.  Test  samples  of  the  container  materials,  Marlex  CL- 100 
and  the  cap-seal  portion  of  a  155mm  Propelling  Charge  container  were 
subjected  to  the  elevated  temperature  conditions  for  over  5000  hours.  No 
visual  changes  were  noted  during  the  course  of  the  test. 
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Elevated  temperature /humidity  tests  were  conducted  at  60 *C  with  90% 
RH.  As  for  the  other  tests  discussed,  container  material  test  samples  and 
Harlex  CL- 100  samples  were  tested  using  these  conditions.  The  elevated 
temperature/humidity  test  was  conducted  for  3765  hours.  No  visual  changes 
were  noted  as  a  result  of  the  exposure. 


4.4  Solar  Simulator  Exposure  Testing 

The  solar  simulator  and  environmental  chamber  facility  described  in 
paragraph  2.4. 3  was  used  to  evaluate  the  test  materials  in  a  combined  envir¬ 
onment  laboratory  test.  The  environmental  chamber  was  operated  at  48‘’C/90% 

RH  during  the  course  of  the  test.  The  sample  temperature  was  maintained  at 
60*C  by  the  chamber  temperature  and  the  simulated  solar  radiation.  The  test 
was  conducted  for  a  total  of  908  hours  resulting  in  a  total  ultraviolet 
fluance  of  129  MJ/m^  at  a  rate  of  approximately  0.14  MJ/m^.hr.  Although  no 
visual  changes  were  observed  for  the  container  material  test  samples  during 
the  exposure,  the  Marlex  CL-100  samples  exhibited  a  light  brown  color  shortly 
after  the  start,  of  the  irradiation. 


4.5  Xenon  Arc  Exposure  Testing 

As  described  in  paragraph  2.4.3,  an  Original  Hanau  Suntest 
Accelerated  Exposure  machine  was  used  to  evaluate  the  effects  of  Xenon  arc 
lamp  exposure  on  the  container  materials  and  Marlex  CL-100.  Although  a 
complete  matrix  of  te^Jt  specimens  for  each  material  was  not  tested  under 
these  conditions,  the  few  test  specimens  investigated  produced  interesting 
results.  The  container  materials  exhibited  the  same  cracking,  fading,  and 
fiber  blooming  features  seen  as  a  result  of  the  other  exposure  tests  involv¬ 
ing  ultraviolet.  Sample  temperature  during  the  exposure  test  was  BB^C,  The 
noted  failures  were  observed  after  approximately  2304  hours  with  a  total  of 
645  MJ/m^  of  ultraviolet  for  the  155mm  Propelling  Charge  container  HDPE  and 
after  2147  hours  with  a  total  of  601  MJ/m^  of  ultraviolet  for  the  M2A1 
container  material.  The  ultraviolet  flux  during  the  Xenon  arc  exposure  was 
approximately  0.28  MJ/m^.hr. 


4.6  Sample  Material  Thermal  Property  Measurements 


4.6.1  DSC  Measurements  on  155mm  Propelling  Charge  Container 

Material 

DSC  was  used  to  study  changes  in  the  crystallinity  and 
oxidative  stability  of  the  155mm  Propelling  Charge  container  HDPE  resulting 
from  the  various  exposure  tests.  The  degree  of  crystallinity  was  determined 
using  equation  22  from  Reference  43, 

AHijamp  1  e 

%  crystallinity  = -  x  100%  (22) 

AHstd 
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where  AHsdmpie  is  the  measured  heat  of  fusion  and  AHstn  is  the  heat  of  fusion 
for  100".  crystalline  material.  A  AHstd  value  of  70  caloi ies/gram,  reported 
in  Reference  44  for  a  polyethylene-hexene  copolymer,  v.'as  used  to  analyse  the 
effects  of  the  different  exposure  conditions  on  the  Propelling  Charge 

container  HDPE.  The  technical  product  data  sheet  for  th-j  Phillips  Marlex 
HXll- 50100  used  in  the  155mm  Propelling  Charge  container  indicated  that  it  was 
a  similar  material  and  as  a  constant  in  equation  22,  the  AHstd  value  has  no 
effect  on  calculating  the  change  in  crystallinity  occurring  as  a  result  of 
the  exposure  testing. 

The  oxidative  stability  of  the  HDPE  was  studied  using  the 
onset  of  decomposition  temperature  and  the  decomposition  heat  flow.  This 
property  is  related  to  the  quantity  of  oxidizable  groups  in  toe  sample. 

Thus,  decreasing  decomposition  temperature  and  decomposition  heat  flovj 
suggest.s  a  decrease  in  molecular  weight,  a  breakdo;7n  of  the  polymer  and  the 
presence  of  stabilizers  or  additives.  As  V7ill  be  dJ.scussed  subsequently,  the 
decomposition  heat  flov;  v;as  also  used  with  the  degree  of  crystallinity  to 
investigate  changes  in  the  crystalline  and  amorphous  nature  of  the  HDPE.  A 
typical  DSC  spectra  is  shown  in  Figure  8.  DSC  measurement  data  are  exhibited 
in  Table  11. 


The  data  in  Table  11  shows  a  downward  trend  for  the  onset 
of  decomposition  temperature  and  decomposition  heat  flov;  for  all  exposure 
tests.  The  degree  of  crystallinity  is  seen  to  increase,  if  only  slightly, 
while  the  melting  temperatures  remain  stable.  These  trends  suggest  that 
while  the  degree  of  crystallinity  remains  stable  or  increases  slightly,  the 
stability  of  the  polymer  decreases  with  environmental  exposure,  probably  due 
to  changes  in  the  amorphous  region.  The  degree  of  crystallinity  compared 
with  the  decomposition  properties  appears  to  be  related  to  the  occurrence  of 
surface  cracking.  Interestingly,  the  "Adjusted  Heat  Flow"  values  shown  in 
Table  11  and  plotted  against  time  at  maximum  temperature  in  Figure  9  and 
ultraviolet  radiation  in  Figure  10,  suggests  a  limiting  value  for  the  onset 
of  cracking.  The  Adjusted  Heat  Flov;  used  for  this  analysis  is  described  by 
equation  23  for  the  exposure  interval.  The  basis  for  this  calculation  is  the 
conjecture  that  the  energy  required  to  decompose  the  sample  above  its 
crystalline  melting  point  is  proportional  to  the  degree  of  crystallinity. 

The  extent  to  which  this  conjecture  can  hold  true  could  only  be  determined  by 
testing  sample  materials  with  longer  term  exposures. 

measured  measured  adjusted 

heat  flov;  -  {"■,  crystallinity  x  heat  flow)  «  heat  flov;  (23) 

The  percent  crystallinity  data  in  Table  11  and  Figures  11 
and  12  indicate  that  the  polymer  undergoes  a  rapid  change  in  crystallinity 
during  the  initial  stages  of  the  exposure  tests.  As  noted  in  Reference  45, 
thermal  oxidation  of  polyethylene  is  temperature  dependent  and  peaks  within 
the  first  several  hundred  hours  of  elevated  temperature  exposure.  Thermal 
oxidative  effects  also  influence  the  mechanism  of  photooxidation.  Photo¬ 
oxidation  occurs  at  the  surface  in  pigmented  systems  and  thus  only  affects 
the  bulk  through  diffusion  processes.  As  noted  in  previous  paragraphs,  all 
exposure  tests  v;ere  conducted  within  a  limited  temperature  range  around 
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Table  11 

ISSinin  Propelling  Charge  Container  DSC  Exposure  Test  Data 


Tiae  at 

Helting 

Pelting 

Oneet  of 

Daccap. 

Adjuited 

Haxinua 

Point 

Point 

Heat  of 

Cryttal- 

Deeoap. 

HNt 

HNt 

Enpocure 

Ultraviolet  Teaperature 

Onait 

Peak 

Faiion 

Unity  Teaperature 

FIon 

Floe 

Geedition 

(NJ/ag) 

(hrt.) 

iCl 

(C) 

<J/g> 

id) 

(C) 

(U/g) 

(U/g) 

Hiaidity  Chaaber 

0 

121,6 

131.4 

110.6 

37.67 

246.3 

7.32 

4.55 

•t  60  C 

429 

121.9 

132.1 

104.7 

35. 7< 

246.4 

7.24 

4.65 

«ith  9M  m 

693 

122.0 

132.1 

101.6 

34.77 

246.1 

6.22 

4.06 

1156 

122.0 

131.5 

110.2 

37.67 

246.6 

6.61 

4.12 

1757 

122.0 

131.2 

131.1 

44.67 

245.1 

7.90 

4.36 

3411 

122.0 

132.1 

119.6 

40.67 

246.9 

6.79 

4.02 

3765 

121.4 

131.5 

111.6 

36.27 

244.9 

6.46 

3.99 

Elevated  Teaperature 

0 

121.6 

131.4 

110.6 

37.67 

246.3 

7.32 

4.55 

at  71  C 

720 

121.7 

131.7 

103.2 

35.27 

246.0 

5.91 

3.83 

1537 

121.7 

131.7 

105.4 

36.07 

247.0 

6.72 

4.30 

2136 

122.4 

131.6 

119.3 

40.77 

247.1 

6.42 

4.99 

4000 

121.7 

131.6 

121.6 

41.67 

246.1 

7.46 

4.37 

4834 

124.3 

133.4 

120.4 

41.17 

236.3 

6.74 

3.97 

Emon 

0 

0 

121.6 

131.4 

110.6 

37.67 

246.3 

7.32 

4.55 

107 

300 

122.2 

132.4 

104.5 

35.77 

242.6 

6.17 

3.97 

169 

600 

121.6 

131.8 

113.1 

36.67 

243.1 

6.30 

3.87 

see 

1570 

121.4 

131.6 

112.7 

36.57 

235.1 

4.64 

tas 

eOacktt 

1950 

121.6 

131.9 

114.2 

39.07 

234.9 

5.06 

3.09 

eCrackse 

Xenon-Ax 

0 

0 

121.6 

131.4 

110.6 

37.67 

246.3 

7.32 

4.55 

64S 

2304 

121.4 

131.9 

107.2 

36.67 

239.4 

5.30 

3.36 

aCracks* 

m 

3152 

121.4 

131.3 

119.1 

40.77 

226.5 

3.92 

2.33 

eCrackst 

Arizona 

0 

0 

121.6 

131.4 

110.6 

37.67 

246.3 

7.32 

4.55 

At-Latitede 

101 

1260 

121.3 

131.6 

116.3 

39.77 

242.3 

6.44 

3.66 

175 

1750 

121.5 

131.6 

117.4 

40.17 

239.1 

5.77 

3.46 

895 

2900 

aCracki* 

Solar 

0 

0 

121.6 

131.4 

110.6 

37.67 

246.3 

7.32 

4.55 

SiMlator 

44 

307 

121.6 

131.6 

107.3 

36.67 

244.6 

5.69 

3.73 

67 

477 

122.6 

132.6 

104.6 

35.77 

243.6 

6.46 

4.17 

96 

690 

122.4 

131.8 

116.9 

40.67 

244.1 

6.06 

4.79 

129 

906 

122.2 

131.1 

120.9 

41.37 

242.1 

7.75 

4.55 
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Therefore,  the  probable  mechanism  by  which  the  HDPE  changes  relates  to  an 
initial  thermally  induced  decrease  in  crystallinity  which  makes  the  material 
more  sensitive  to  photooxidation  at  the  surface,  with  rapid  photooxidation  of 
the  amorphous  regions.  The  resulting  effect,  as  seen  from  the  tests  with 
ultraviolet,  is  surface  cracking.  The  bulk  effects,  occurring  by  thermal 
oxidation,  would  tend  to  follow  the  results  of  the  elevated  temperature  and 
elevated  temperature/  humidity  exposure  tests. 

The  relative  effects  of  ultraviolet  radiation  on  the 
degradation  of  the  properties  studied  is  clearly  seen  in  the  figures.  The 
surface  cracks  noted  in  Table  11  are  typical  for  polyethylene  material  and 
would  have  an  obvious  negative  effect  on  strength  and  impact  resistance. 
Applying  the  above  discussion  of  the  change  in  crystallinity  and  decomposi¬ 
tion  heat  flow  to  the  prediction  of  the  functional  lifetime  of  the  155mm 
Propelling  Charge  container  using  the  models  suggested  in  paragraph  2.5 
requires  additional  data  points  from  longer  term  exposure  testing  in  order  to 
clearly  identify  the  rate  controlling  portion  of  the  curve.  The  extra¬ 
polation  of  the  data  presented  in  Table  11  to  longer  exposure  times  and  doses 
would  be  dangerous  since  the  curves  are  not  well  defined  and  are  clearly  not 
logarithmic.  On  the  other  hand,  extrapolation  of  the  elevated  temperature 
and  elevated  temperature /humidity  adjusted  heat  flow  data  to  the  level  that 
cracks  occurred  during  the  ultraviolet  exposure  tests  suggests  a  lifetime  of 
considerably  less  than  20  or  30  year.s.  This  is  qualified  by  the  ecc 
exposure  temperatures  used  presenting  a  v/orst  case  for  the  logistics  chain 
and  the  fact  that  no  engineering  property  test  data  are  available  for  the 
container  material  to  relate  thickness  affects  to  the  function  of  the 
material. 


The  limitation  in  using  the  data  presented  is  also  seen 
in  the  linear  regressions  presented  in  Tables  12  cmd  13  and  in  Figures  13  and 
14  V7here  lov;  R  squared  values  were  obtained.  The  simulated  solar  exposure 
test  regressions  are  particularly  interesting,  although  potentially 
misleading,  in  that  they  suggest  a  different  degradation  mechanism.  However, 
it  is  noted  that  the  test  was  not  as  long  in  duration  as  the  other  tests, 
which  could  account  for  the  strikingly  different  rates. 


4.6. 1.1  Surface  and  Bulk  Effects 

Considerable  effort  was  devoted  to  the  development 
of  sample  preparation  techniques  which  allov?ed  the  production  of  measure¬ 
ment  samples  with  reasonably  uniform  and  reproducible  particle  size.  The 
preparation  procedure  followed  involved  the  use  of  a  Spex  laboratory 
cryogenic  grinder.  This  procedure  also  allowed  surface  and  bulk  effects  to 
be  investigated  by  preferentially  grinding  from  the  center  and  front  surface 
of  a  test  sample.  Test  data  for  sample  material  expo-sed  to  approximately  635 
MJ/m’  ultraviolet  radiation  from  Xenon  arc  lamp  exposure  are  shovm  in 
Table  14. 


The  percent  crystallinity  and  oxidative  stability 
values  for  both  regions  of  the  sample  are  noted  to  be  significantly  changed 
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(Thousands) 

TIME  AT  MAXIMUM  TEMFERATUPE  (HRS,) 

Tftmp^njtuPft/Humidft  +  Elftwatftd  T^mfiftrotur  O  El^i^AQUA 

^  >^ncn  Ar«  X  Ariivna  At— Lalftwd#  ^  5clar  SimMlator 

Figure  9:  DSC  Decomposition  Data  vs.  Tims  At  Maximum  Temperature  for  the  155mm  Propelling  Charge  Container 


DSC  DECOMPOSITION  DAT  A 

155mm  Carstc'n^f 


DSC  CRYSTALLINITY  DAT  A 

155mm  Cpntain*r 
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from  the  pre-exposure  values.  The  surface  region  exhibits  a  decrease  in 
crystallinity  and  a  decrease  in  oxidative  stability  while  the  bulk  exhibits 
an  increase  in  crystallinity.  Although  the  sample  preparation  procedure  did 
not  allow  for  the  measurement  of  depth  into  the  surface,  the  difference  in 
properties  measured  from  the  surface  of  the  sample  can  be  used  to  account  for 
the  cracking  phenomenon.  The  decrease  in  crystallinity  with  the  decrease  in 
oxidative  stability  indicates  a  decrease  in  strength  and  ductility  at  the 
surface.  The  increase  in  crystallinity  with  the  reduction  of  molecular 
vjeight,  as  indicated  by  the  decrease  in  oxidative  stability,  suggests  the 
bulk  of  the  sample  became  embrittled  and  possibly  weaker. 

The  Adjusted  Heat  Flow  value  noted  in  Table  14  for 
the  sample  surface  is  significantly  lower  in  magnitude  than  values  determined 
for  the  bulk  region.  The  correspondence  of  surface  cracking  at  this  level 
suggests  its  use  as  a  failure  point.  Bulk  measurements  in  this  range  v;ould 
indicate  that  the  cross-section  of  the  container  has  embrittled  to  an 
unacceptable  level. 


4.6.2  TGA  Measurements  on  155mm  Propelling  Charge  Container 

Material 

The  previous  paragraph  described  the  use  of  DSC  to 
measure  the  heat  of  fusion,  evaluate  the  oxidative  stability  and  relate  these 
measurements  to  chcinges  in  the  crystalline  and  amorphous  regions  of  the  poly¬ 
ethylene  to  explain  the  surface  cracking  v;hich  occurred.  TGA  measurement.^ 
were  also  used  to  evaluate  the  material.'c  oxidative  stability.  The  results 
of  this  tenting  chov^ed  that  the  thermal  decomposition  involved  a  tv;o“Step 
process.  The  first  step  was  believed  to  be  related  to  easily  oxidizable 
portions  of  the  polymer,  such  as  branched  chains,  cross  linked  polynier  o;i 
anticxidant  additives.  The  closeness  of  the  onset  of  decomposition  temper¬ 
ature,  as  measured  using  DSC,  to  the  onset  of  decomposition  temperature  for 
the  first  step  in  the  TGA  suggests  that  these  temperatures  represent  the  same 
event,  tne  second  step  in  the  process  was  not  reproducible  and  is  probably 
related  to  the  more  stable  species  in  the  sample,  particle  size  and  sample 
weight  during  the  measurement.  A  typical  TGA  thermal  curve  is  shovfn  in 
Figure  15.  Test  data  are  presented  in  Table  15  and  Figures  16  through  19. 

The  51  loss  data  in  Table  15  and  Figures  18  and  19 
exhibit  a  trend  in  oxidative  stability  similar  to  that  noted  for  the  DSC 
measurenent  data.  The  time  line  however  is  longer  for  the  TGA  data. 

Further,  a  limiting  value  of  the  loss  temperature  is  not  noted  at  the 
points  v/here  surface  cracking  was  noted.  These  observations  are  attributed 
to  the  v?eight  loss  kinetics  of  the  5%  loss  temperature  not  being 
representative  of  the  physical  characteristics  and  thermal  history  of  the 
surface  v/here  cracking  was  observed.  Thus,  TGA  is  more  appropriate  for  the 
study  cf  bulk  changes.  As  seen  by  the  data,  the  exposure  tests  were  not 
conducted  for  a  duration  sufficient  to  allow  a  lifetime  prediction  analysis. 
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Table  12 

IBSmir  Propelling  Charge  Container  DSC  Regression  Data 
Ultraviolet  Radiation  Analysis 


tegretfion  for  Otgrte  of  Cryttallinity 
DHAQUA  Test 
Aegrtssion  Output: 

Constant  0.3716413% 

Std  Err  of  Y  Eft  0.018342212 

R  Squared  0.344612063 

No.  of  Observations  5 

Degrees  of  Freedoe  3 

X  Coefficient (s)  0.000021440 
Std  Err  of  Coef.  0.000017070 


Aegression  for  Degree  of  Crystallinity 
Arizona  At-Latitude  Test 
Aegrtssion  Output: 

Constant  0.37?%661S 

Std  Err  of  Y  Ei  I:  0.004695213 

R  Squared  0.924360400 

No.  of  Observati  yrs  3 

Degrees  of  Freedoe  1 

X  Coefficient (s)  0.000132137 
Std  Err  of  Coef.  0.000037793 


Aegression  for  Degree  of  Crystallinity 
Xenon  Arc  Test 
Degression  Output: 


Constant  0.372763 
Std  Err  of  Y  Eat  0.026038 
A  Squared  0.219216 
No.  of  Observations  3 
Degrees  of  Freedce  1 


X  Coefficient <s)  0.000021363 

Std  Err  of  Coef.  0.000040316 


Aegresfion  for  Degree  of  Crystallinity 
Solar  Siaulator  Test 
Regression  Output: 


Constant  0.%1773 
Std  Err  of  Y  Est  0.020626 
A  Squared  0.4S2371 
No.  of  Observations  S 
Degrees  of  Freedoe  3 


X  Coefficient (s)  0.000331492 

Std  Err  of  Coef.  0.000210575 


fttgn^sion  for  Adjusted  HNt  Flon 
Solar  Siaulator  Test 
Argrtssion  Output: 

Constant.  4.172191661 

Std  frr  Of  Y  Est  0.452365924 

ASqiarv/  /  0.107478034 

No.  of  Cbs^-vctions  5 

OigrMS  of  Freedoe  3 

X  Coefficient (s)  0.002746644 
Std  Err  ot  Co«f.  0.004573400 


Aegrtssion  for  Adjusted  Heat  Floe 
Arizona  At-iatitude  Test 
Aegression  Output; 


Constant  4.540454 
Std  Err  of  Y  Est  0.029956 
A  Squared  0.996523 
No.  of  Observations  3 
Degrees  of  Freedoe  1 


X  Coefficient (s)  -0.00627066 

Std  Err  of  Coef.  0.000241131 


Aegression  for  Adjusted  Heat  Floe 
Xenon  Arc  Test 
Regression  Output: 

Coratunt  4.623692700 

Std  Err  of  Y  Est  0.343517338 

A  Squared  0,952396763 

No.  of  Observations  3 

Degrees  of  Freedue  1 

),  Cueftic;?nt(i)  -0.00237924 
Std  Err  of  Coef.  0,000531911 


Regression  for  Adjusted  Heat  Floe 
EMNAflUA  Test 
Aegrtssion  Output: 


Constant  4.256725 
Std  Err  of  Y  ust  0.340215 
R  Squared  0.616056 
No.  of  Observations  5 
Degrees  of  Freedoe  3 


X  Coefficient (s)  -0.00172822 

Std  Err  of  Coef.  0.000470561 
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Table 


IBSiran  Propelling  Charge  Cont 


Time  at  Maximum  Temp 


ibgrtfsion  for  Degree  of  Crystallinity 
Tenperature/Maeidity  Test 

Regression  Output e 

CoMtant 

9td  Err  of  Y  Est 
R  Squared 

No.  of  Observations 
Degrees  of  Freedoe 

X  Coefficient (s)  0.000010 

8td  Err  of  Coef.  0.000009 


Ibgrcssion  for  Degree  of  DTStallinity 
EMflOUn  Test 

ibgression  Output! 

Constant 
atd  Err  of  Y  Est 
R  Squared 

No.  of  Observations 
Degrees  of  Freedoe 

X  Coefficient (si  0.000009664 
8td  Err  of  Coef.  0,000007181 


Regression  for  Degree  of  Crystallinity 
Arizona  At-Latitude  Test 

Regression  Output: 

Constant  0.37869S697 

8td  Err  of  Y  Est  0.001811443 

R  Squared  0.986744283 

No.  of  Observations  3 

Deirees  of  Freedoe  1 

X  Coefficient (s)  0.000013255 
Std  Err  of  Coef.  0.000001414 


0.370696634 

0.012039291 

0.376386323 

5 

3 


0.369597 
0.03338S 
0. 181349 
7.000000 
S.  000000 


R^ression  for  Degree  of  Crystallinity 
Elevated  Taeperature  Test 

Regression  Output: 


Constant  0.362179 
Std  Err  of  Y  Est  0.019453 
R  Squared  0.605484 
No.  of  Observations  6.000000 
Degrees  of  Freedoe  4.000000 


X  Coefficient (s)  0.000011 

Std  Err  of  Coef.  0.000005 


Regression  for  Degree  of  Crystallinity 
Xenon  Arc  Test 

Regression  Output! 


Constant  0.372785 
Std  Err  of  Y  Est  0.026040 
R  Squared  0.219139 
No.  of  Observations  3.000000 
Degrees  of  Freedoe  1.000000 


I  Coefficient (si  0.000006 
Std  Err  of  Coef.  0.000011 


Regression  for  Degree  of  Crystallinity 
Solar  Sieulator  Test 

Regression  Output! 

Constant  0.36183532S 

Std  Err  of  Y  Est  0.020897372 

R  Squared  0.448745665 

Noi.  of  Obeervations  5 

Begreis  of  Freedoe  3 

X  Coefficient  (s)  0.0000467 
Std  Err  of  Coef.  0.0000299 


Table  13 

ISSmm  Propelling  Charge  Container  DSC  Regression  Data 
Time  at  Maximum  Temperature  Analysis 
( continued ) 


Hiiriuioe  for  Adjusted  Heat  FIom 
Solar  Siaulator  Test 

Regression  Output: 


Constant  4. ITSfitt 
8td  Err  of  Y  Est  0.4SZ574 
R  Squared  0.i06ESA 
No.  of  Observations  S. 000000 
Degries  of  Frtedon  3.000000 


X  Coefficient (s)  0.000366 

Std  Err  of  Ceef.  0.000648 


Regression  for  Adjusted  Heat  Floe 

Elevated  Tenperaturc  Test 

Regression  Output: 

Constant 

4.415200710 

Std  Err  of  Y  Est 

0.439690936 

R  Squared 

0.027003402 

No.  of  Obeervations 

6 

Degrees  of  Frsedoe 

X  Coefficient (s)  -0.00003647 
Std  Err  of  Coef.  0.000109461 

4 

Regression  for  Adjusted  Heat  Floe 
Te^Mrature/Hiaiidity  T. 

Regression  Dutput: 

Conttant  4.460050420 

Std  Err  of  Y  Est  0.206384166 

R  Squared  0.S019128S6 

No.  of  Observations  7 

Degrees  of  Freedoe  S 

X  Coefficient (s)  -0.000130 
Std  Err  of  Coef.  0.0000579 


Regression  for  Adjusted  Neat  Floe 
ENNAQUA  Test 

Regression  Output: 

Constant  4.354463254 

Std  Err  of  V  Est  0.2SS632254 

R  Squared  0.6941209% 

No.  of  Observations  5 

Degrees  of  Freedoo  3 

X  Coefficient (s)  -0.000779 
Std  Err  of  Cowf.  0.0001546 


Regression  for  Adjusted  HNt  Floe 
Xenon  Arc  Test 


Egression  for  Adjusted  Heat  Flee 
Arizona  At-Utitude  Test 


Regression  Output: 

Constant 

Std  Err  of  Y  Est 

R  Squared 

No.  of  Observations 
Degrees  of  Freedon 


4.623697643 

0.343660256 

0.9523S9146 

3 

1 


Regressicn  Output; 

Constant  4.572796737 
Std  Err  of  V  Est  0.104044075 
R  Squared  0.962190173 
No.  of  Observations  3 
Degrees  of  Freedoe  1 


X  Coefficient (s)  -0.00066611 
Std  Err  of  Coef.  0.000146963 


X  Coefficient (s)  -0.000603 
Std  Err  of  Coef.  O.OOOOBI2 
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Table  14 

ISSnuii  Propelling  Charge  Container 
DSC  Data  Showing  Surface  and  Bulk  Ultraviolet  Effects 


Saipi« 

Keltiog 
PoiDt  Onset 
l"C) 

KeltiQg 

Point 

Peak 

(•C) 

Heat  of 
fusion 
(J/g) 

Pre-Exposure 

121.6 

131.4 

IIO.B 

Surface 

123.5 

131.3 

96.3 

Bulic 

121.4 

131.5 

119.1 

Crystal¬ 

linity 

ni 

Onset  of 
Decoip. 
Teip. 

CO 

Deeoip. 

H'at 

riov 

(»/q| 

Adjusted 
Beat  flov 

(»/gl 

37.8 

246.3 

7.32 

4.55 

32.9 

225.8 

3.75 

2.52 

40.7 

240.1 

5.25 

3.11 

62 


m 
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DSC  DECOMPOSITION  REGRESSION  DATA 

ISSmm  Cgntaiiwr 


(Q/M)  MOld  iY3H  oaiEnroY 
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4.6.3 


TGA  and  DllA  lleasurements  on  H2A1  Container  Material 


Four  thennal  analysis  techniques  were  used  to  obtain 
baseline  and  characterization  data  for  the  H2A1  container  material.  TGA  v;as 
used  to  study  decomposition  and  to  determine  the  relative  proportions  of  the 
fillers  and  polymer  comprising  the  material.  DSC  v;as  used  to  charactei-ize 
the  crystalline  melting  point  of  the  polyester  resin.  TMA  measurements 
attempted  to  determine  the  linear  coefficient  of  thermal  expansion,  the 
softening  point  and  the  glass  transition  of  the  resin.  DMA  was  used  to 
measure  storage  and  loss  moduli  and  the  loss  tangent.  These  properties  are 
useful  for  the  characterisation  of  crystallinity  and  the  loss  of  adhesion 
betvreen  resin  and  filler. 

As  might  be  expected  due  to  the  randomness  of  the  glass 
reinforcement,  TMA  measureri.ents  were  not  reproducible.  The  DSC  results  for 
unexposed  material  suggested  that  the  resin,  comprising  only  35^  of  the 
composite,  might  be  too  low  in  concentration  for  accurate  measurements  to  be 
made.  This  proved  true;  however,  a  crystalline  melting  point  was  not 
detected  in  the  material  suggesting  that  the  technicjue  v;ould  not  be  suitable 
for  monitoring  changes  in  the  polymer  during  the  course  of  exposure  testing. 
DllA  data  shovm  in  Figure  20  and  Table  16  indicate  that  although  storage  and 
loss  moduli  measurements,  and  the  temperatures  where  the  loss  modulus  and 
loss  tangent  reach  a  maximum  could  be  determined,  they  could  not  be  measured 
with  enough  precision  to  allow  a  meaningful  data  analysis  to  be  conducted. 
The  leason  for  this  problem  is  thought  to  be  related  to  the  nature  of  the 
material  and  the  samples  used  for  the  testing.  The  material  is  not 
homogeneous,  especially  at  the  surface,  and  the  technique  quite  sensutive. 
Therefore,  it  was  postulated  that  until  significant  changes  occurred  in  the 
material,  the  measurement  technique  vjould  not  be  capable  of  differentiating 
between  sampla-to-sample  differences  from  actual  material  changes. 

TGA  measurements  conducted  on  unexposed  control  sample 
material  shov;ed  that  the  decomposition  kinetics  of  the  M2A1  container 
material  is  complex.  The  occurrence  of  the  several  decomposition  reactions 
shovm  in  the  TGA  thermal  curve  in  Figure  21  made  a  kinetic  decomposition 
study  impossible  during  the  course  of  the  project,  However,  a  composi¬ 
tional  study  of  exposure  test  materials  was  undertaken.  Measurements  of  the 
relative  changes  in  glass,  filler,  and  resin  concentration  as  a  function  of 
the  exposure  tests  were  made.  These  data  are  shovm  in  Table  17  and 
Figures  22  through  29. 

The  data  in  Table  17  do  not  indicate  a  significant  change  in 
the  material  as  a  result  of  any  of  the  exposure  tests.  However,  the 
degradation  mode  based  on  visual  appearance,  includes  fading  and  blooming  of 
the  reinforcing  fibers.  The  scatter  exhibited  by  the  decomposition  data  are 
probably  in  part  due  to  minor  compositional  differences  in  the  individual 
measurement  samples  vjhich  would  have  a  significant  effect  on  the  TGA 
measurement  that  is  compounded  by  exposure  induced  changes.  The  visual 
evaluation  of  test  samples  indicated  the  probability  that  the  physical 
properties  of  the  container  material  v/ere  detrimentally  affected  as  a  result 
of  the  exposure  testing.  Hov;ever,  the  changes  determined  using  TGA  are  not 
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Table  15 

155n\m  Propelling  Charge  Container  TGA  Data 


TiK  at 

Qmirt  of 

HaxiMa 

Decoap. 

SX  Loss 

Exposure 

yitraviolat  Teaperature 

Tcaperature  Ttuperature 

Condition 

(hr^l 

(C) 

<0 

Huaidity 

■  •  ■  ■ 

0.0 

278.7 

295.0 

ChMber  it 

429.0 

275.4 

292.0 

60  C  Mith 

693.0 

272.6 

291.8 

SOX  RH 

1155.5 

274.4 

296.2 

1757.0 

277.3 

296.9 

3411.0 

280.6 

299.7 

37CS.0 

276.5 

301.4 

Elevited  TMperiture 

0.0 

278.7 

295.0 

at  71  C 

720.0 

276.6 

292.9 

1537.0 

276.3 

295.5 

2136.0 

277.3 

296.0 

4000.0 

276.7 

301.6 

4634.0 

272.1 

307.4 

EHMOUA 

0  0.0 

0.0 

278.7 

295.0 

91  107.0 

300.0 

271.9 

292.2 

m  169.0 

600.0 

273.6 

298.1 

SOO  566.0 

1537.0 

264.8 

303.3 

at*  Twt  Ums  Cracked  *** 

724  6S2.0 

1950.0 

270.7 

304.5 

Mt  Test  Itm  Cracked  *** 

Solar 

0.0 

0.0 

278.7 

295.0 

Siwlator 

43.  S 

307.0 

276.3 

298.4 

67.1 

477.0 

270.1 

295.5 

97.8 

690.0 

270.1 

292.5 

120.6 

906,0 

275,8 

295.3 

Arizona 

0.0 

0.0 

279.7 

295.0 

At-Utitude 

101.0 

1260.0 

275.0 

303.4 

r75.0 

1750.0 

274.4 

307.4 

295.0 

***  Test  Itea*  Cracked  ttt 

Xenon  Arc 

0.0 

0.0 

£78.7 

295.0 

645.0 

2304.0 

269.1 

292.3 

ttt  Test  Iteias  Cricked  Ht 

662.5 

3152.0 

266.4 

305.0 

«♦  Test  Itias  Cracked  «* 

1315.0 

46%.  0 

273.6 

316.5 

*♦*  Test  Ucas  Cracked  «» 
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Figure  16:  TGA  Decomposition  Temperature  Data  vs.  Time  at  Maximum  Temperature 
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iq*  TRA  5%  Loss  Data  vs.  Time  at  Maximum  Temperature 


great  enough  to  model  or  relate  to  a  physical  property.  The  blooming  of  the 
reinforcing  fibers  could  provide  a  protective  layer  for  the  155mm  Propelling 
Charge  Container  TGA  Data  bulk  of  the  material  during  outdoor  exposure  in 
desert  environments,  however  the  fibers  would  provide  a  path  for  moisture  in 
wet  and  humid  environments  which  could  accelerate  the  degradation  of  the 
material  in  temperate  climates  and  indoor  storage  conditions  that  have  typi¬ 
cal  temperature  changes. 


Table  16 

DMA  Data  for  M2A1  Container  Material 


E’ 

8  35‘C 

Pea): 

Pea): 

Pea): 

Saiplt  S:. 

Erpcsura  Cjidilion 

Duration 

|GPa) 

E"  (KPa! 

E"  !‘C1 

tan  i 

tan  5  I’C' 

h’-' 

pr'-exposur? 

•  •  • 

7.85 

387 

200.5 

0.12 

-1  -1  •»  T 

h'-i 

pr?-»2posurr 

... 

6.62 

ir 

189,0 

O.IC 

231,4 

n-T 

pre-fxpcsure 

... 

4.77 

202 

197,3 

0,10 

234,4 

n-13 

pre-expcsur« 

... 

5.35 

266 

190.6 

0.11 

232  . 2 

n-14 

prT-«iposur? 

... 

7.03 

304 

195.2 

0,09 

239,1 

17-r 

pre-arpcsurs 

— 

6.90 

342 

199,7 

0,11 

226.1 

Average 

TI 

296 

195.4 

rio 

231.8 

fr,-l 

1.1 

64 

4,7 

0,00? 

4,7 

16-1'? 

laDca  Arc 

277  HJ/e^DV 

7,02 

259  .1 

209  .3 

0.09 

242  .9 

Elevated 

1155  hrs 

5.94 

236,5 

186,4 

0.11 

22  3." 

Teip'Hus 

lln  - 1 

(.32) 

(3.2) 

(3.1) 

(0.001) 

(1.41 

1757  hrs 

6.79 

320.3 

191,4 

.12 

2  2  3.4 

fn-  1 

(.21 

(20) 

(3.5) 

(0.014) 

(0.?2) 

Elevated 

1527,5  hrs 

7.05 

292.1 

202.0 

0,11 

236.8 

leiperature 

On  - 1 

(.14) 

(25) 

(4.8) 

(.004) 

(3.91 

2135  hrs 

7.49 

335  .7 

206,8 

.10 

233.5 

ffn  - 1 

(.49) 

(33) 

(l.S) 

(.002) 

EHHA50A® 

106.7  KJ/|!0V 

7.12 

313.4 

202.0 

,11 

233,3 

ffn  - 1 

(■36) 

(31.3) 

(5.3) 

(0,007) 

(2,9) 

Sclar  Siiulator 

43.5  HJ/i^DV 

6.23 

240  ,3 

201,3 

0,10 

234.3 

On- 1 

(.32) 

(34,8) 

(4.8) 

(0,005) 

(1.9) 

67,6  HJ/|!DV 

7.36 

348 

20  3,4 

0,11 

236,2 

On  - 1 

1.46) 

(0.0051 

(5.61 

?7.8  KJ/l^UV 

6,69 

272  .5 

203,6 

0,10 

231.3 

On-  1 

(.26) 

25.2 

(2.3) 

(0.01) 

(2,9) 
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Table  17 

TGA  Measurement  Data  for  M2A1  Container  Material 


TiK  at  Onwt  of 
NwiMM  DKoap. 


Exposure 

Ultraviolet 

Toperature  Taeperaturc 

Filler 

Glaia 

Polywr 

Condition 

(NJ/i£) 

<hr«.) 

<C1 

It) 

W 

Xenon  Arc 

0 

0 

357.6 

25.1 

40.1 

34.8 

206 

743 

350.7 

22.6 

415 

33.6 

277 

969 

352.6 

22.8 

414 

33.8 

601 

2146 

363.4 

16.3 

56.6 

27.0 

Hueidity 

0 

357.8 

25.1 

40.1 

34.6 

ChMber  at 

429 

367.1 

214 

42.3 

34.4 

fiO  C  Mith 

693 

360.0 

23.9 

41.3 

34.8 

9M  IM 

1155 

343.3 

219 

41.2 

34.9 

1757 

3516 

216 

41.6 

34.6 

3411 

364.0 

26.0 

36.0 

36.0 

3675 

362.8 

24.1 

40.4 

35.4 

Elevated  Toperature 

0 

357.8 

25.1 

40.1 

34.6 

at  71  C 

720 

364.6 

22.9 

410 

34.1 

1537 

358.  S 

212 

411 

33.6 

2136 

349.1 

24.6 

40.1 

35.3 

ENttOUA 

0 

0 

357.6 

25.1 

40.1 

34.6 

107 

300 

363.2 

24.5 

40.0 

35.5 

169 

600 

347.4 

216 

41.5 

34.6 

see 

1537 

362.3 

23.3 

42.6 

34.1 

652 

1950 

356.5 

22.5 

417 

318 

Solar 

0 

0 

357.6 

25.1 

40.1 

34.6 

Sieulator 

44 

307 

362.5 

210 

42.6 

34.1 

68 

477 

345.1 

24.0 

40.7 

35.3 

96 

690 

345.7 

214 

42.5 

34.1 

129 

906 

347.5 

23.1 

42.6 

34.3 

Arizona 

0 

0 

357.6 

25.1 

40.1 

34.8 

At -Latitude 

101 

1260 

356.0 

212 

42.3 

34.5 

175 

1750 

336.4 

23.3 

42.6 

34.1 
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THEHMOGR\VI^^ETRIC  DATA 

M2A1  C<«twn«r  -  % 


Figure  22;  M2A1  Container  '^iller  vs.  Time  at  Temperature 
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Figure  24:  M2A1  Container  Resin  vs.  Time  at  Temperature 
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ULTFAVIOLET  FAPIATION  i,M4/rTi2,i 
□  ';<«n«n  Arc  +  EMMAUUA 

5glar  Sirrwlotcr  -  Aniwia  At-Uafftud* 

Figure  26:  M2A1  Container  Filler  vs.  Ultraviolet  Radiation 
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UUmVlOLET  P.AtllATlDN  (MJ/tnl) 

0  >(«n43ii  Ar«  +  EMM  AQUA 
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Figure  28:  M2AI  Container 
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ULTFAvlOLET  RADIATION  i,MJ/rrt2; 
0  X*n«n  Arc  +  EMM  AQUA 

5clar  Simmlatcr  ^  Ariicna  At— Latf+udc 


4.7  Marlex  CL-100  Tensile  Str*.  gth  Measurements 

Tensile  test  data  for  the  Marlex  CL-100  material  are  exhibited  in 
Table  16  and  Figures  30  and  31.  ASTM  D638  IV  specimens  were  tested  at 

an  extension  rate  of  5.1  cm  per  minute  using  c.-  Instron  Model  1123  Universal 
Test  Machine  in  accordance  with  ASTM  D638.  Tensile  strength  and  elongation 
at  yield  are  reported,  rather  than  at,  the  break  point  since  the  specimens 
typically  necked  do\m  quite  considerably  during  the  tests.  Tensile  strength 
and  elongation  at  the  break  point  were  therefore  not  reproducible. 

The  tensile  strength  of  the  Marlex  CL-100  for  the  various  exposure 
tests  shown  in  Table  18  are  generally  within  il0%  of  the  pre-exposure  test 
values  indicating  that  tensile  strength  remained  fairly  constant  over  the 
course  of  the  exposure  tests  conducted.  This  is  also  supported  by  data  for 
Marlex  CL-100  reported  in  Reference  32  which  indicated  that  tensile  strength 
increased  only  6%  after  approximately  five  years  of  exposure  in  Arizona. 

Over  the  same  time  period  elongation  was  reported  to  decrease  by  90%. 


4 . 8  Optical  Property  Measurements 


4.8.1  Colorimetric  Measurements 

CIE  Y,  X,  and  y  colorimetric  measurements  were  made  on 
155mm  Propelling  Charge  container  and  M2A1  container  materials  using  a  Hunter 
Lab  Model  D25A-9  color  difference  meter  with  an  Illuminant  C  liglit  source 
following  ASTM  D2244.  Using  this  measurement  system,  the  daylight  color  of 
the  test  specimens  are  represented  by  points  in  a  space  formed  by  three 
rectangular  coordinates  representing  the  lightness  scale,  Y,  and  chromaticity 
scales  X  auid  y.  The  Y  scale  value  describes  relative  "lightness",  while  the 
X  and  y  scales  describe  "redness”  and  "greenness”,  respectively.  Although 
other  color  coordinate  systems  could  have  been  used,  the  Y,  x,  and  y  system 
was  chosen  on  the  basis  of  its  use  in  speci-fying  a  number  of  Mil-Spec 
Ceimouflage  paint  coatings. 


4.8.2  Spectral  Reflectance  Measurements 

Absolute  hemispherical  reflectance  measurements  were 
performed  on  seunples  after  each  exposure  test  interval.  These  measurements 
were  made  in  accordance  with  ASTM  E903.  The  measurements  were  made  using  a 
Beckmem  DK-2A  Spectrophotometer  with  an  Absolute  integrating  sphere  for  wall 
mounted  specimens  (Figure  A1.3  of  ASTM  B903).  Total  reflectance  measurements 
v/ere  obtained  in  the  solar  spectrum  from  325nm  to  2400nm  at  an  incident  angle 
of  20*.  Air  mass  1.5  solar  absoiptance  wax  determined  using  the  solar 
spectral  distribution  from  ASTM  E891.  Rel.iectance  data  for  50  selected  equal 
energy  ordinates  were  averaged  as  a  fraction  and  subtracted  from  unity. 

Solar  absorptance  values  were  calculated  after  each  exposure  interval. 
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Table  18 

Marlex  CL- 100  Tensile  and  Elongation  Data 


Tine  at 

Tamile 

Tenaile 

* 

Naxina 

Strength 

Strength 

Elongation 

Elongation 

Expowire 

Ultraviolet  Teaywrature 

at  Yield 

Std.  Dev. 

at  Yield 

at  Yield 

Condition 

(IU/i£) 

(hn.) 

(pti) 

{%) 

Std.  Dev. 

Huiidity  Chiafaer 

0.0 

3959.0 

160.0 

8.0 

0.4 

at  60  C 

429.0 

3655.0 

254.0 

9.2 

0.5 

Mith  90«RH 

693.0 

3623.0 

89.0 

8.8 

0.7 

1156.0 

3838.0 

359.0 

9.0 

0.8 

1757.0 

3944.0 

301.0 

8.6 

0.6 

3765.0 

4380.0 

33.0 

8.0 

0.0 

Elevated  Ta^srature 

0.0 

3959.0 

160.0 

8.0 

0.4 

at  71  C 

720.0 

4181.0 

72.0 

8.5 

0.7 

1538.0 

4328.0 

176.0 

8.2 

0.4 

2138.0 

4404.0 

391.0 

8.2 

0.5 

5112.0 

4246.0 

121.0 

7.2 

0.0 

EMMAOH 

0.0 

0.0 

3959.0 

160.0 

8.0 

0.4 

107.0 

300.0 

4130.0 

58.0 

8.2 

0.4 

16S.0 

600.0 

5040.0 

107.0 

7.7 

0.5 

85£.0 

imo 

3489.0 

117.0 

t 

o.e 

SM.0 

lyo.o 

4260.0 

122.0 

8.4 

e 

1154.0 

2000.0 

3487.0 

160.0 

8.0 

0.5 

Solar  SiiuUt(r 

0.0 

0.0 

3959.0 

160.0 

8.0 

0.4 

43.5 

307.0 

3990.0 

189.0 

5.6 

2.1 

67.6 

477.0 

3042.0 

280.0 

2.4 

0.4 

97.8 

690.0 

2856.0 

478.0 

2.7 

0.6 

128.6 

908.0 

3266.0 

298.0 

t 

t 

Arizona 

0.0 

0.0 

3959.0 

160.0 

8.0 

0.4 

At-Latitude 

101.0 

1280.0 

4187.0 

60.0 

7.9 

0.2 

175.0 

1750.0 

4347.0 

19.0 

8.5 

0.9 

295.0 

2900.0 

3895.0 

300.0 

6.0 

1.6 

Xenon  Arc 

0.0 

0.0 

3959,0 

160.0 

6.0 

0.4 

656.0 

2352.0 

3521.0 

170.0 

f 

f 

1062.9 

3796.0 

3601.0 

127.0 

f 

f 

1110.2 

3965.0 

1987.0 

223.0 

t 

• 

t  NDT  KASUREABLE 
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ULTPAVIOUT  RAOIATION  (UJ/rn2) 

□  EMIlIAOUA  0  Sqlor  Sfmuigtqr 

Ansgna  At— Lptftudw  X  XDPnon  Are 


Spectral  reflectamce  measurements  serve  to  indicate 
optical  property  changes  in  discrete  wavelength  regions  of  the  spectrum. 
Property  changes  of  this  sort  result  from  the  interaction  of  the  pigment 
and/or  the  binder  with  the  environment.  A  typical  change  would  be  the 
development  or  change  of  an  absorption  band.  A  change  in  absorption  in  a 
particular  wavelength  region  often  cam  be  related  to  a  physical  phenomenon  at 
the  surface  of  a  material  and  can  be  modeled  using  the  change  in  reflec¬ 
tance  at  the  peak  wavelength.  Solar  absorptance,  although  insensitive  to  all 
but  major  changes  in  discreet  wavelength  regions,  is  a  measure  of  the 
broadband  changes  in  the  optical  properties  of  material  surfaces.  Solar 
absorptance  also  indicates  the  extent  to  which  a  material  will  absorb  solar 
radiation  and  thus  be  subject  to  solar  radiation  induced  temperature  change. 


4.8.3  155mm  Propelling  Charge  Container  Material  Measureinents 

Color  data  for  155mm  Propelling  Charge  container  material 
are  presented  in  Table  19  and  Figures  32  through  37.  The  Y  coordinate  data 
in  Table  19  shows  that  the  container  material  darkens  in  the  early  part  of 
the  environmental  exposure  tests  before  fading  later  on.  Comparison  of  the 
Y,  X,  and  y  coordinate  plots  in  Figures  32,  33,  and  34  to  Figures  35,  36,  aind 
37  clearly  shows  the  influence  of  ultraviolet  on  the  surface  of  the  container 
material  and  in  fact  the  figures  reflect  the  S-shape  referred  to  in  paragraph 
2.5.1.  The  data  plotted  against  time  at  temperature  in  Figures  35  through  37 
however  are  widely  scattered. 

It  is  particularly  interesting  to  compare  the  DSC  data  to 
the  color  data  at  the  ultraviolet  fluence  at  which  surface  cracks  occurred. 
This  suggests  that  the  end  of  the  induction  phase  for  the  surface  of  the 
container  material  at  temperatures  representing  the  extreme  of  the  logistics 
chain,  would  occur  outdoors  in  less  than  a  two-year  period.  Further,  the 
failure  occurred  shortly  after  the  end  of  the  induction  phase.  Thus,  if  the 
performance  of  the  containers  is  found  to  be  unacceptable  with  the  presence 
of  surface  cracks,  color  measurements  could  be  used  to  determine  the 
acceptability  of  a  container  item  and  the  change  in  color  predictive  of 
failure . 


Unfortunately,  the  elevated  temperature  and  elevated 
temperature/humidity  data  plotted  against  time,  were  not  exposure  tested  long 
enough  to  exhibit  a  trend.  Colorimetric  properties  must  be  characterized 
further  before  they  could  be  used  to  predict  or  model  performance.  This  is 
especially  important  since  the  DSC  data  and  its  relationship  to  cracking 
suggests  that  indoor  storage,  as  shown  by  the  elevated  temperature  and 
elevated  temperature /humidity  tests,  would  have  an  effect  on  the  crystal¬ 
linity  of  the  HOPE  which  after  a  long  period  of  time  could  change  the  rate  at 
which  surface  cracking  occurs  either  by  thermal  or  photooxidative  mechainisms. 

155  Propelling  Charge  container  spectral  reflectance 
measurement  and  solar  absorptance  data  are  shown  in  Table  20.  A  spectral 
reflectance  spectra  for  a  pre-exposure  test  sample  is  shown  in  Figure  38. 

The  lack  of  features,  or  the  relative  flatness,  e.xhibited  by  the  spectral 
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Table  19 

ISSmin  Propelling  Charge  Container  Colorimetric  Data 


Ti«  at 

Naiiiaui 


Exposure 

Ultraviolet  Teaperature 

Conditions 

(MJ/aE) 

(hrs) 

V 

X 

y 

Elevated  To^ierature 

0 

12.57 

0.3432 

0.3504 

at  71  C 

720 

13.63 

0.3415 

0.3467 

1537.5 

11.66 

0.3402 

0.3483 

2138 

13.55 

0.3337 

0.3404 

Hiaidity  Chaaber  at 

0 

12.57 

0.3432 

0.3504 

60  C  Nith  90X  RH 

429 

14.11 

0.3328 

0.3463 

693 

12.93 

0.3432 

0.3528 

1155.5 

12.42 

0.3446 

0.3486 

1757.3 

11.17 

0.3433 

0.3528 

3765 

9.89 

0.3515 

0.3611 

ENMM 

0 

0 

12.57 

0.3432 

0.3504 

106.7 

300 

10.58 

0.3445 

0.3511 

169.3 

600 

10.61 

0.3489 

0.3554 

SB6 

1570 

12.14 

0.3424 

0.3531 

8SS 

1950 

12.86 

0.3389 

0.341 

1261 

1200 

15.41 

0.3329 

0.3414 

1323 

1500 

15.66 

0.3303 

0.3405 

Solar  Sieulator 

0 

0 

12.57 

0.3432 

0.3504 

43.5 

307 

13.44 

0.3428 

0.3430 

67.6 

477 

10.70 

0.3481 

0.3475 

97.6 

690 

10.67 

0.3488 

0.3542 

126.6 

908 

11.36 

0.3492 

0.3564 

Arizona 

0 

0 

12.57 

0.3432 

0.3504 

At-Latitude 

101 

1280 

12.77 

0.3396 

0.344 

175 

1750 

9.96 

0.3471 

0.3559 

295 

2900 

10.64 

0.3447 

0.354 

lenon  Arc 

0 

0 

12.57 

0.3432 

0.3504 

682 

2304 

12.13 

0.3366 

0.3473 

1315 

3152 

17.81 

0.3299 

0.3375 
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Table  20 

155nun  Propelling  Charge  Container  Material 
Air  Mass  1.5  Solar  Absorptance 


Exposure  Conditions 

Ultraviolet 

Time  at 
Maximum 
Temperature 
(hours) 

Solar 

Absorptcince 

Elevated  Temperature 

0 

0.87 

at  71°C 

720 

0.88 

1538 

0,88 

2138 

0.88 

Humidity  Chamber  at 

0 

0. 87 

60 “C  with  90%RH 

429 

0.88 

693 

0.89 

1156 

0.88 

1757 

0.88 

3765 

0.88 

EMMAQUA'^ 

0 

0 

0.87 

107 

300 

0.88 

169 

600 

0.88 

588 

1570 

0.88 

852 

1950 

0.87 

1261 

1200 

0.91 

1323 

1500 

0.91 

Solar  Simulator 

0 

0 

0.87 

43.5 

307 

0.87 

67.6 

477 

0.88 

97.8 

690 

0.88 

128.6 

908 

0.88 

Xenon-Arc 

0 

0 

0.87 

882.5 

3152 

0.82 

1315 

4696 

0.91 

Arizona  At-Latitude 

0 

0 

0.87 

101 

1280 

0.87 

175 

1750 

0.87 

295 

2900 

0.93 
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Figure  38:  Spectral  Refleetance  of  l53:>iTn  Propelling  Ehargc  Container  Material 


reflectanje  explains  in  part  the  small  changes  determined  for  the  solar 
cibsorptance .  That  is,  the  development  of  absorption  bands  as  a  result  of  the 
exposure  testing  were  net  detected.  Changes  in  the  spectral  reflectance 
occurred,  but  did  so  across  the  spectrum.  The  trends  in  color  noted  above 
could  have  been  determined  from  spectral  reflectance  measurement  data  if 
integrated  against  the  appropriate  spectral  distribution. 


4.8.4  M2A1  Container  Material  Measurements 

Color  data  for  the  M2A1  container  material  are  presented 
in  Table  21  and  Figures  39  through  44.  The  data  plotted  against  ultraviolet 
radiation  in  the  figures  reaches  a  plateau  since  the  evolution  of  the  fibers 
cause  the  color  value  of  the  material  to  approach  that  of  the  fibers.  The 
data  for  the  exposure  tests  without  ultraviolet  would  not  be  expected  to 
follow  a  similar  trend  since  fiber  blooming  occurs  as  the  resin  matrix 
erodes.  There  is  insufficient  data  to  make  a  comparison  of  DSC  determined 
compositional  data  to  the  colorimetric  data  although,  consideration  of  the 
fiber  blooming  effect  suggests  that  the  start  of  the  plateau  noted  in  the 
colorimetric  data  represents  the  end  of  the  induction  stage  for  the  surface 
of  the  composite  material. 

M2A1  container  material  spectral  reflectance  measurement 
data  are  shown  in  Table  22.  A  spectral  reflectance  spectra  for  pre-exposure 
test  sample  is  shown  in  Figure  45.  As  noted  for  the  ISBmjn  Propelling  Charge 
contajner  material,  the  flatness  exhibited  by  the  spectral  reflectance 
explains  the  small  changes  determined  for  the  solar  absorptance.  Absorption 
bands  as  a  result  of  the  exposure  testing  also  were  not  detected.  Change.^  in 
the  spectral  reflectance  occurred,  but  did  so  acros.s  the  spectrum  as  indi¬ 
cated  by  the  small  change  in  solar  absorptance  values. 


4.9  Full-Scale  Item  Tests 


4.9.1  Arizona  At-Latitude  Exposure 

Full-scale  M2A1  and  155imn  Propelling  Charge  container 
item.s  were  exposure  tested  v;ith  the  test  sample  materials.  The  at- latitude 
e:  osure  procedure  was  discussed  in  paragraph  4.1.  The  container  items  were 
e>.po.sed  using  the  same  schedule  reported  for  the  test  sample  materials. 

Shortly  before  the  end  of  the  testing  the  iBBrnm 
Propelling  Charge  container  exhibited  surface  cracks  on  those  portions  of  the 
container  v/hich  had  a  direct  view  of  the  sun.  As  mounted  on  the  34“  south 
facing  rack,  two  .sides  of  the  container  did  not  have  a  view  of  the  sun.  One 
side  vafj  in  direct  contact  v/ith  the  rack  and  wa.s  shielded  while  the  other 
side  faced  the  ground  at  a  34'"  angle.  The  container  item  v;as  mounted  vhth 
its  long  dimension  running  east  to  west.  Visual  comparison  of  the  exposure 
tested  Item  to  an  unexposed  container  shov/ed  slight  fading. 
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Table  21 

M2A1  Small  Ammo  Container  Colorimetric  Data 


Tilt  at 

Naxiiua 


Exposure 

Ultraviolet  Teaperature 

Conditions 

(NJ/b2) 

<hrs) 

Y 

X 

y 

Elevated  Teaperature 

0 

6.59 

0.3384 

0,3442 

at  71  C 

720 

6.75 

0.3397 

0.3436 

1538 

9.07 

0.3364 

0.3440 

2138 

10.06 

0.3346 

0.542' 

Hwidity  Chaidier  at 

0 

8.59 

0.3364 

0.3442 

60  C  Nith  9CW  RK 

429 

10.02 

0.3335 

0.3421 

£93 

9.54 

0.3329 

0.3414 

1156 

6.13 

0.3397 

0.3464 

1737 

7.99 

0.3423 

0.3509 

3765 

9.66 

0.3361 

0.3435 

0 

0 

6.59 

0.3364 

0.3442 

107 

300 

6.20 

0.3411 

0.3447 

169 

600 

9.12 

0.3383 

0.3452 

366 

1570 

16.77 

0.3380 

0.3495 

632 

1950 

16.62 

0.3391 

0.3460 

1261 

1200 

16.33 

0.3409 

0.3520 

1£3 

1500 

17.66 

0.3400 

0.3437 

Solar  Siaulator 

0 

0 

6.59 

0.3364 

0.3442 

44 

307 

10.31 

0.3341 

0.3421 

66 

4n 

10.17 

0.3374 

0.3455 

96 

690 

11.26 

0.3342 

0.3428 

129 

906 

10.12 

0.3385 

0.3466 

ftrjiona 

0 

C 

6.39 

0.3364 

0.3442 

Pt -Latitude 

101 

1280 

11.40 

0.3374 

0.3439 

175 

1750 

11.60 

0.3343 

0.3411 

Xenon  Arc 

0 

0 

6.59 

0.3364 

0.3442 

601 

2147 

16.18 

0.3223 

0.3311 
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Figure  39:  M2Ai  Ci'iit.i  incr  Materia!  &  Coordinate  Data  vs.  Ultravii^let  Radiation 
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COLORIMETRIC  DATA  -  v  Coordinate 
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M2A1  Small  Ammo  ;:ontain«r 
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(ThcM50odi) 

TIME  AT  HAKIMUM  TEMP£FATUI?E  iV^O 

Elwit«l  T»m|)#raf«r  +  T#mp«rut«r%/HttrDiclit  v  EMM  AQUA 

5clar  Simulotcr  X  Arfz^tia  At-LatftuiJ«  X«n«n  Ar« 

Figure  44:  M2<\1  Container  Material  y  Coortiinate  Data  vs.  Tinu'  at  Temperature 


Table  22 

M2A1  Container  Material  Air  Mass  1.5  Solar  Absorptance 


Exposure 

Conditions 

Ultraviolet 

Time  at 
Maximum 
Temperature 
hrs. 

Solar 

Absorptance 

Elevated  Temperature 

0 

0.89 

at  71°C 

720 

0.9 

1538 

0.89 

2138 

0.89 

Humidity  Chamber  at 

0 

0.89 

60 ®C  with  90%RH 

429 

0.88 

693 

0.91 

1156 

0.89 

1757 

0.9 

EMllAQUA® 

0 

0 

0.89 

107 

300 

0.9 

169 

600 

0.88 

588 

1570 

0.82 

852 

1950 

0.8 

Solar  Simulator 

0 

0 

0.89 

43.5 

307 

0.89 

67.6 

477 

0.89 

97.8 

690 

0.88 

128.6 

908 

0.88 

Xenon-Arc 

0 

0 

0.89 

152 

542 

0.87 

601 

2146 

0.87 

1054 

3764.3 

0.89 

Arizo!'  .."ijatitude 

0 

0 

0.39 

101 

1280 

0.89 

175 

1750 

0.87 
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Table  23 

ISSitun  Propelling  Charge  Container  Moisture  Gain  Data 


CHAKBOl 


CONTAINER 

CHANBER 

CONTAINER  CONTAINER 

LAPSED  CONTAINER  ROISTURE 

VAPOR 

VAPOR 

PRESSURE 

TEST 

TINE 

nOlSTURE  BAIN  RATE 

PRESSURE 

PRESSURE  DIFFERENCE 

SEQUENCE 

TINE 

(HRS) 

(6)  (8/HR.l 

mmmi) 

(DYN/CW) 

(DYN/CN2) 

TRIAL  lb 

155.5 

0 

0.4204 

77.9 

28.1 

49.8 

SOLAR  RADIATION 

lb4 

B.5 

0.4864  0.0077647 

29.9 

48 

4BC/eOXRH 

17b.  25 

20.75 

0.5174  0.0046746 

31.8 

46.1 

lBb.25 

30.75 

0.5468  0.0041105 

33.6 

44.3 

199.25 

43.75 

0.5812  0.0036754 

35.7 

42.2 

225.25 

69.75 

0.6215  0.0028831 

37.8 

40.1 

250.25 

94.75 

0.6602  0.002530B 

40.1 

37.8 

2B0.25 

124.75 

0.7032  0.0022669 

42.5 

35.4 

318.5 

163 

0.7465  0.0020006 

45 

32.9 

35B.5 

203 

0.7923  0.0018320 

47.6 

30.3 

407.5 

252 

0.8407  0.0016678 

50.3 

27.6 

SEPARATE  RUN 

bl7.5 

0 

0.7875 

77.9 

47.6 

30.3 

700.5 

83 

0.8864  0.0011915 

53.2 

24.7 

751.5 

134 

0.94  0.0011380 

56.3 

21.6 

775.5 

158 

0.94  0.0009651 

56.3 

21.6 

TRIAL  M 

144.25 

0 

0.3114 

19.4 

58.5 

SOLAR  RADIATION 

148.75 

4.5 

0.3542  0.0095111 

22 

55.9 

4BC/B0IRH 

153.25 

9 

0.37B1  0.0074111 

23.4 

54.5 

15b. 75 

12.5 

0.3786  0.005376 

24.9 

53 

lbO.75 

16.5 

0.4294  0.0071515 

26.5 

51.4 

174 

29.75 

0.4558  0.0048537 

28.1 

49.8 

17B.75 

34.5 

0.4849  O.OOS02B9 

29.9 

48 

1B3.2S 

39 

0.5158  0.0052410 

31.6 

46.3 

TRIAL  lb 

39.75 

0 

0.2866 

15 

18.2 

-3.2 

DARK 

41 

1.25 

0.3058  Oi 01536 

19.4 

-4.4 

bOC/20IRH 

43.5 

3.75 

0.3262  0.01056 

20.6 

-5.6 

51.75 

12 

0,3477  0.0050916 

22 

-7 

SEPARATE  RUN 

129.5 

0 

0.2867 

17 

-2 

130.5 

1 

0.3058  0.0191 

19.3 

-4.3 

133.25 

3.75 

0.3262  0.0105333 

20.6 

-5.6 

137.75 

8.25 

0.3477  0.0073939 

22 

-7 

141.25 

11.75 

0.3705  0.0071319 

23.4 

-8.4 

14b 

16.5 

0.3948  0.0065515 

24.9 

-9.9 

150,5 

21 

0.4204  0.0063666 

26.4 

-11.4 

TRIAL  lb 

B53.75 

0 

0.9286 

165 

56.3 

108.7 

DARK 

B56.75 

3 

0.9786  0.0166666 

59.5 

105.5 

b0C/90IRH 

Bb9.75 

16 

1.0373  0.0067937 

62.8 

102.2 

SB4.25 

30.5 

1.0993  0.0055967 

66.3 

98.7 

903.25 

49.5 

1,1648  0.0047717 

69.9 

95.1 

922.25 

68.5 

1.2339  0.0044569 

n 

/  J.O 

0  4  O 

7  t  * 

94b. 25 

92.5 

1.307  0.004090R 

77.9 

87.1 

96b. 25 

112.5 

1.3841  0.0040488 

82 

83 
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Table  24 

155mm  Propelling  Charge  Container  Graph  Regression  Information 


iC'LAK  C'lCLE  ISI  GROUP  REGRESSION 
Regression  Output: 


CcDstant  -O.OOSS; 
Std  Err  of  Y  Est  O.OOCRR9 
R  Squared  0 .146694 
No.  of  Observations  iC 
Degrees  of  Ereedoi  8 


X  Ccefiirientis)  C, 000133 
Std  Err  of  C;e:.  0,00004’ 


6C‘:  iOi-RH  CYCLE  1ST  GROUP  REGRESSION 
Regression  Output; 

Ccnstant  C.G^’IC 

Std  Err  of  Y  Est  0.000049 

R  Squared  0,999953 

Nc.  of  Observation  3 

Degrees  OE  free  001  1 

X  Cierficientis!  0,003948 
Std  Err  of  Coef.  O.OCCC2’ 


COKBINLI  SOLAR  CYCLE  DATA  REGRESSION 
Regression  Output; 


Ciostant  -0,0043t, 
Std  Err  of  Y  Est  C.OClCSi 
R  Squared  0.829285 
Ni,  of  Observations  20 
Degrees  of  freedci  18 


X  Coeffirient; s ;  0, 000  205 
Std  Err  if  Coef.  0.000021 


60‘C/90-<RK  CYCLE  REGRESSION 
Regression  Output: 


Constant  -0,032Ci 
Std  Err  of  Y  Est  0,003315 
R  Squared  0 . 5;i 31? 
No,  of  Cbser'/atioDS  7 
Degrees  of  freedti  5 


X  Coeffiiientis,  0,000408 
Std  Err  of  Coef.  0,000169 


SOLAR  CYCLE  LAST  GROUP  REGRESSION 
Regression  Output; 


Constant  -0.01381 
Std  Err  of  Y  Est  0,00115^ 
R  Squared  0,62629'’ 
No.  of  Observations  7 
Degrees  of  freedoi  5 


X  Coefficient(s)  0,000393 
Std  Err  of  Coef,  0,000135 


6C‘C/204RH  CYCLE  2ND  GROUP  REGRESSION 
Regression  Output; 


Constant  0,C2114C 
Std  Err  of  Y  Est  0,003252 
R  Squared  0.652529 
No.  of  Observations  6 
Degrees  of  freedoi  4 


X  Coefficientisl  0,001497 
Std  Err  of  Coef,  0.000546 


COKBINED  6C‘C,'20YRH  CYCLE  DATA  REGRESSION 
Regression  Output; 


Constant  0,020153 
Std  Err  of  Y  Est  0,003237 
R  Squared  0.5829C4 
No.  of  Observations  9 
Degrees  of  freedoi  7 


X  Coefficientfs'  C.C01466 
Std  Err  of  Coef.  0,000468 
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HEMISPHERICAL  SPECTRAL  REFLECTANCE 


109 


Figure  45:  M2A1  Container  Spectral  Reflectance 


The  M2A1  container  item  was  mounted  on  the  rack  also  with 
its  long  dimension  running  east  and  west.  The  bottom  of  the  container  was 
attached  to  the  rack.  The  handle  was  in  a  deployed  position  throughout  the 
test  rather  than  placing  it  flat  against  the  top  of  the  container  lid.  The 
container  progressively  faded  and  exhibited  fiber  bloom  over  the  course  of 
the  test.  The  container  lid  was  the  most  faded  area,  with  fiber  bloom  most 
concentrated  at  corners.  The  sides  of  the  container  were  also  faded  with 
fiber  blooming  decreasing  in  degree  towards  the  bottom  of  the  container.  The 
plastic  handle  on  the  lid  was  badly  cracked  at  the  end  of  the  test. 


4.9.2  Environmental  Chamber  Tests 

The  environmental  chamber  test  procedures,  setup  and 
results  are  reported  in  detail  in  Reference  46.  The  objectives  of  the  full- 
scale  Item  tests  were  to  develop  environmental  chamber  test  procedures  that 
could  be  used  to  predict  the  long-term  performance  of  plastic  ammunition 
containers.  The  objectives  included  accelerating  the  ageing  process  of 
container  materials,  determination  of  the  container  moisture  vapor  trans¬ 
mission  rate,  and  determination  of  the  container's  ability  to  remain  sealed. 

Moisture  vap)or  transmission  rate  constants  and  permeation 
constants  are  temperature  dependent  material  properties.  These  constants 
generally  increase  logarithmically  v/ith  increasing  temperature.  This  is  to 
be  expected  since  water  vapor  pressure  also  increases  with  temperature  in  a 
logarithmic  manner.  Moisture  vapor  transmission  rate  is  generally  inversely 
dependent  oi"i  thickness.  The  fuli-scale  item  tests  and  test  data  ajialysis 
attempted  to  normalize  the  effects  of  thickness  and  temperature  by  using 
chamber/container  vapor  pressure  differential  and  the  use  of  container  volume 
to  determine  moisture  gain  and  moisture  gain  rate. 

The  a''alysis  of  test  data  pursued  the  relationship  of 
moisture  gain  in  terms  oi  grams  per  hour  as  a  function  of  vapor  pressure 
differential  for  the  test  cc  iditions  used.  This  is  based  on  the  concept  of 
the  rate  of  change  in  vapor  pressure  differential  as  function  of  time.  This 
latter  relationship  is  shovm  by  equation  24  from  Reference  48. 

ln(r/Po)  =  -rt  {T'A] 


In  equation  24, 

P 

=  v/ater  vapor  pressure  differential 

Fo 

=  F  at  time  zero 

t 

=  time 

r 

=  a  rate  constant  derived  from  a  material  water  vapor 
transmission  rate  constant. 

In  practice  the  v/eight  of  moisture  in  the  container 

function  of  time  was  calculated  u.sing  the  humidity  ratio  and  dry  air  vo]ume 
from  Reference  49  as  determined  from  the  container  dev/  point  and  temperature. 
vcipoiT  of  “t-lis  contsinojT  £iw  s  fuiiouion  of  t,irno  v.^ss.'  do wOirTninocl 
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likewise,  while  the  vapor  pressure  of  the  test  chamber  was  determined  from 
the  chamber  calibration  experiments.  Finally,  the  vapor  pressure  differen¬ 
tial  between  the  test  chamber  and  the  container  was  calculated  as  a  function 
of  time  from  the  vapor  pressure  data. 

The  amount  of  water  occurring  in  the  container  during  the 
course  of  environmental  testing  was  calculated  using  equation  25, 

Vf 

- V  -  Wh  o  (25) 

where  V/„  and  V,,  are  the  humidity  ratio  and  dry  air  volume  from  Reference  49 
and  V^H  c)  is  the  weight  of  water  contained  in  the  container  air  volume,  V. 

VJ,.  v/as ‘’obtained  from  Reference  49  at  the  measured  dew  point,  Vf,  was  obtained 
for  the  temperature  measured  inside  the  container  during  the  test.  Both 
values  were  obtained  for  temperatures  to  the  nearest  degree. 

The  total  water  content  inside  the  container  at  a  given 
time  during  the  test  v;as  then  associated  v;i  th  an  elapsed  time  and  test  cham¬ 
ber  vapor  pressure.  Elapsed  time  was  determined  by  subtracting  the  given 
time  in  hours  from  time  zero.  Time  zero  was  determined  from  data  v/here  the 
chamber  and  container  conditions  had  stabilized.  Water  gain  rate,  in  terms 
of  grams  per  hour  was  then  calculated  by  subtracting  the  moisture  content  of 
the  container  at  a  given  time  from  the  v/ater  content  at  time  zero  and  divid¬ 
ing  by  the  elapsed  time,  Container  moisture  vapor  pressure  was  determined 
with  the  dev?  point  temperature  and  ohe  inside  container  temperature  data. 
Vapor  pressure  differential  as  a  function  of  time  was  calculated  by  subtract¬ 
ing  the  test  chamiier  vapor  pressure  from  the  coiiLaiuei  vapor  pressure  at  a 
given  time  during  the  test. 

Moisture  gain  rate  data  v;as  then  plotted  with  their 
linear  regre.ssioris  as  a  function  of  vapor  pressure  differential.  The 
regression  line  values  were  obtained  using  the  natural  logarithm  of  the 
moisture  gain  rates.  The  slope  of  the  re-yression  was  taken  to  be  the 
moisture  vapor  transmission  rate  constant  over  the  vapor  pressure  range 
during  the  test.  The  rate  constant  was  expressed  in  terms  of  grams  of 
moisture  per  hour  per  dyne/cm’''.  The  calculated  data  are  shov/n  for  both 
containers  tested  in  the  tables  and  figures  in  the  follov?ing  paragraphs. 


4.9.2, 1  155mm  Propelling  Charge  Container  Data  Analysis 

Jloisture  gain,  moisture  gain  rate  and  vapor 
pressure  data  for  a  number  of  155mm  Propelling  Charge  container  test  cycles 
are  Ehovm  in  Table  22.  Moisture  gain  rate  v/as  plotted  as  a  function  of  vapor 
pressure  differential.  Table  24  exhibits  linear  regression  analysis  data 
used  to  prepare  Figures  4G  through  48. 

Tlie  data  regressions  are  shown  over  a  vapor 
pressure  differentia]  of  at  least  100  dynes/cni^,  although  the  te.st  data 
covers  a  significantly  smaller  range.  This  v/as  done  in  order  to  compare  th^' 
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change  in  rate  of  moisture  gain  for  the  different  test  cycle  conditions.  The 
use  of  the  data  regressions  beyond  the  range  covered  by  actual  test  data 
however  is  risky. 


The  data  shorn  for  different  test  cycles  having 
identical  test  conditions,  presented  in  Table  23,  clearly  suggests  that 
moisture  gain  rate  must  be  determined  using  long-term  constant  condition 
testing  and  that  test  condition.s  used  to  determine  flVTR  must  be  well  inside 
the  range  of  maximum  instrument  sensitivity.  The  considerable  scatter  shoi/n 
for  the  last  group  of  solar  radiation  da'a  (Trial  Run  #4)  and  60‘‘C/20%RH  test 
data  indicate  the  effect  of  using  short-term  cycle  data.  Under  these 
condition.s  the  test  chamber  v;ould  have  barely  been  stabilized  v;hen  chamber 
conditions  v;ere  changed.  The  data  from  the  60“C/90%RH  and  the  second 
separate  solar  radiation  cycles  data  shown  in  Table  23  present  situations 
wtjere,  although  long-term  test  cycles  v/ere  used,  the  high  moisture  conteijt  of 
the  container  caused  small  changes  in  vapor  pressure.  These  .small  changes 
decrea.sed  the  precision  by  v;hich  vap.<or  pressure  differential  could  he 
determined. 


The  hiqli  R  .squared  value  obtained  for  the  first 
solar  radiation  test  cycle  and  the  R  squared  value  for  all  solar  radiation 
test  cycle  data  combined  gives  a  high  degree  of  confidence  for  the  exi.stence 
of  the  lineal  relationshir  betv/een  moisture  gain  rate  and  vapor  fressure 
differential  sugge.sted  in  References  47  and  48.  The  test  cond.it ions, 
duration  of  the  te.st,  and  the  moisture  content  of  the  container  during  the 
test  suggest  that  at  least  200  hours  of  constant  condition  testing  for  a 
vapor  pre.ssure  differential  in  the  range  of  30  to  GO  dyTie.o/cm^  are  required 
to  obtain  a  reasonable  measure  of  a  moisture  vapor  transmi.ssion  rate 
constant. 


Comparison  of  the  rate  curves  shovm  in  Figures  40 
thr-ijgt'j  4"'  and  the  Y-intercept  (constant)  values  sdiown  in  Table  24  indicate 
that  tr.'TF  at  any  vapor  pre.ssure  differential  i.s  dep'-aident  on  the  enviro.n- 
ment.al  conditionr  surrounding  the  container.  Thi.s  is;  expected  since  moi.'-ture 
permeation  con.stants  for  many  pjolymeric  materials  are  temperature  dependent. 

The  G0'’C/2f''..RH  chamber  condition  data  shovm  in 
Figure  40  and  the  vap'Or  pre.ssure  data  in  Table  24  show  that  alttiough  t.;-:- 
vapor  piessure  differential  v/as  negative,  moifiture  inside  the  contain*'! 
continued  to  increase.  This  indicate.':  tliat  v/ater  continued  to  de.^.orb  fro'in 
the  container  material  for  tlie  short  period  of  time  the  test  chamber  v/as  Irdd 
at  these  conditions. 

Figure  47  .ohov/s  the  effect  of  a  large  vapor  pre.ssure 
differential  on  the  container  during  a  time  pjeriod  v/hen  the  container  item 
contained  a  substantial  quantity  of  v/ater.  Comparison  of  thi.s  test  data  to 
tlie  solai  radiation  test  data  in  Figure  48  sho’./s  that  over  a  given  period  of 
time  at  tlie  same  temperature  conditions,  the  container  could  continue  to  gain 
moi,stu;f  even  v/j  th  a  decrease  in  vapor  pressure  differential.  This  is  due  te 
the  diffu.sion  procesf  and  ir  important  to  tlie  under /'tandi ng  of  both  outdoor 
and  indoor  daytime  and  niglittime  teirip':i  iiture/liumidi  ty  .';v;ing.':.  .8irio*='  t.h* 
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slopes  of  the  curves  sho;-m  in  Figures  47  and  48  are  almost  identical,  the 
rate  of  moisture  flov?  into  the  container  is  unlikely  to  change  when  the 
container  is  used  in  different  moisture  vapor  pressure  environments. 

Hov/ever,  as  shovm  by  the  plot  of  the  solar  radiation  cycle  and  60‘'C/90‘sRH 
cycle  regression  lines  in  Figure  48,  the  moisture  gain  rate,  or  said  another 
v;ay,  the  flov/  of  moisture,  into  the  container  can  be  different  at  the  same 
vapor  pressure  differential  at  different  temperatures. 

Note  that  these  comments  can  only  be  used  to  predict 
long-term  performance  of  155mm  Propelling  Charge  Containers  using  several 
assumptions.  These  assumptions  are  that  the  moisture  permeation  constants  of 
the  container  do  not  change  as  the  materials  age,  the  container  remains 
sealed  during  its  lifetime,  and  that  palletization  of  the  container  items 
does  not  affect  ir/TR. 


4. 9.1'.  2  HlAl  Small  Ammo  Container  Data  Analysis 

Moi.sture  gain,  moisture  gain  rate  and  vapor  presssure 
data  for  two  long-term  cycles  are  .shovm  for  the  M2A1  container  in  Table  25. 
The  approach  u.sed  to  analyze  the  155mm  Propelling  Charge  container  described 
in  the  previous  paragraph  was  also  used  for  the  M2A1  container.  Table  26 
contains  the  linear  regression  data  u.sed  to  prepare  Figures  49  through  52. 

The  relation  of  moisture  gain  rate  and  vapor 
pressure  differential  seen  in  the  figures',  for  the  tv/o  test  conditions  used  to 
evaluate  the  M2A1  container  is  strikingly  different  than  v;as  found  for  the 
155111111  FiOpelling  Chatye  coiitciiiier .  The  .eulai  radiation  cycle  data  .shovai  in 
Figure  28  and  the  small  slope  for  the  regre.ssion  line  noted  in  Table  26 
suggesjts;  th*''  container  lost  moisture.  Hov/ever,  the  large  error  associated 
v/ith  the  slope  could  be  taker;  to  suggest  that  the  moisture  gain  rate  remained 
constant  during  the  solar  radiation  cycle,  The  HVTH  for  the  60‘’C790i'.RH  cycle 
however,  v-/as  quite  similar  to  the  155mm  container  under  the  same  test 
c'ondition.s.  The  difference  heu/e-en  the  performance  of  the  tv;o  container 
item.",  is  thus  the  difference  in  IfVTR  caused  by  effect  of  temperature  on  the 
moisture  permeability  and  diffusion  coefficients  of  the  materials  compjrising 
the  two  container  items. 


Th  and  thus  primary,  difference  betv/eer. 

the  mater: air.  used  for  the  containers  is  the  pigmentation  and  filler  scheme. 
The  polyester  resin  u.sed  for  the  H2A1  container  v/as  glas.s  fiber  reinforced 
and  highly  filled.  The  filler  used  consisted  of  a  green  pigment  and  CaCOj. 
The  filler  and  glass  fibers  v/ere  noted  to  h-.  exposed  by  the  effects  of 
eiosion  during  environmental  exposure  te.sting  during  the  sample  scale 
testing.  The  pigment  and  glass  fibers  at  the  surfa.ce  of  the  container  also 
presented  -ri  large  surface  area  for  the  absorption  and  desorpt:on  of  rn'isture. 
Simplifying  the  interpretation  of  the  data  for  the  case  of  the  II2A1  container 
v/ould  likei)  the  glasf:  fiber  arid  filler  to  -h  v/ick. 
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155MM  CONTAINER  FULL-SCALE  TEST 
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VAPOR  PRESSURE  PIFFtREMn^L  (dyn*?/ 
REGRESSION  +  DATA 


155MM  CON  I’ AJNER  FULL-SCALE  TEST 
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VAPOR  P^RkJ55URE  DIFFEREMTIAl.  (dyn*5.‘ 
Ri:GRES5IC)k<  +  [VATA 


155MM  CONTAINER  FULL-SCALE  TEST 
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VAPOR  PRESSURE  DIFFERENTIAL  (dyn*5/cm2) 
SOIJ'-R  CYCLES  +  6C'C/30%RH  Ci'CLES 

Figure  48:  Regression  Lines  for  Solar  Cvdc  Data  and  (i0°C/90:'',RH  Data 


Table  25 

M2A1  Container  Moisture  Gain  Data 


CHAMBER 


CONTAINER 

CHAMBER 

CONTAINER  CONTAINER 

CONTAINER 

MOISTURE 

VAPOR 

VAPOR 

PRESSURE 

TEST 

el;¥>sed 

MOISTURE 

GAIN  RATE 

PRESSURE 

PRESSURE  DIFFERENCE 

SEQUEMI 

TIME 

TIKIHRSI 

(G) 

(S/HR. ) 

(DYN/CN2) 

(DYH/OG) 

(DYN/CinE) 

TRIAL  #7 

62 

0 

0.3069 

165 

62.8 

102.2 

DARK 

63 

1 

0.3438 

0.0369 

70 

95 

60C/90XRH 

64 

2 

0.3643 

0.0287 

73.8 

91.2 

70 

a 

0.4086 

0.0127125 

82.1 

82.9 

82 

20 

0.458 

0.007555 

91.1 

73,9 

% 

34 

0.4849 

0.0052252 

95.9 

69,1 

107 

45 

0.5132 

0.0045844 

101 

64 

126 

64 

0.5432 

0.0036921 

106,3 

58.7 

149 

87 

0.5749 

0.0030804 

111.8 

53,2 

181 

119 

0.6084 

0.0025336 

117,5 

47.5 

208 

146 

0.6438 

0.0023075 

123.5 

41.5 

257.75 

205. 75 

0.6813 

0.0018196 

129.3 

35.2 

SOLAR 

301.75 

0 

0.7635 

77.9 

143.1 

-65.2 

RADIATION 

381.75 

60 

0.6817 

-0,001022 

129.8 

-51.9 

48C/80RH 

412.75 

111 

0.6442 

-0.001074 

123.5 

-45.6 

444.75 

143 

0.6088 

-0.001081 

117,5 

-39.6 

479.75 

178 

0.5752 

-0.001057 

111.3 

-33.9 

531.75 

230 

0.5435 

-0.000956 

106,3 

-28,4 

536.75 

285 

0.5135 

-0.000877 

100.1 

-22.2 

656.75 

335 

0.4583 

-0.000911 

91.1 

-!3.2 
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M2A1  CONTAINER  FULL-SCALE  TEST 
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Figure  49:  M2A1  ContainerSo 1 ar  Cycle  Data 


During  irradiation  of  the  container  the  temperature 
increase  caused  by  solar  absorption  mechanisms  resulting  in  surface  heating 
could  be  said  to  dry  the  container.  The  vapor  pressure  differential  data  in 
Table  25  and  shovm  in  Figure  49,  is  also  negative;  indicating  an  outflov?  of 
moisture.  The  solar  radiation  cycle  v;as  conducted  subsequent  to  the 
60°C/90%RH.  This  resulted  in  a  substantial  amount  of  moisture  in  the 
container  at  the  start  of  the  solar  radiation  cycle  and  accounts  for  the 
negative  vapor  pressure  differential  during  the  test. 

The  60‘’C/90%RH  data  shovm  in  Figure  50  shov;s  mois¬ 
ture  gain  rate  to  increase  v;ith  vapor  pressure  differential  and  by  the  slope 
and  intercept  of  the  regression  in  Table  26,  M'/TR  for  these  conditions  is 
approximately  equal  to  the  155mm  Propelling  Charge  container.  A  comparison 
of  the  tv;o  test  conditions  used  for  the  H2A1  Container  is  shov/n  in  Figures  51 
and  51.  Figure  50  shows  data  regressions  over  the  vapor  pressure  differen¬ 
tial  range  occurring  during  the  tests.  Figure  52  shov/s  the  same  regres-sions 
over  the  vapor  pressure  differential  range  used  for  the  analysis  of  the  155miTi 
Propelling  Charge  container.  The  decrease  of  moisture  in  the  container 
during  the  solar  radiation  cycle  suggests  that  the  M2A1  container  is  quite 
permeable  to  moisture  over  a  vapor  pressure  range  caused  by  typical  environ¬ 
mental  test  conditions.  This  is  in  contrast  to  the  155mm  container  where 
moisture  gain  continued  to  increase  even  v;hen  a  negative  vapor  pressure 
differential  occurred. 


Table  26 

tI2Al  Container  Graph  Regression  Information 

SOLP.F:  CYCLE  REGRESSION 
Regression  Output: 


Constant  -0.000.51 
Std  Err  of  Y  Est  0.000055 
P.  Squared  0.619818 
No.  of  Observations  7 
Degrees  of  Freedom  5 


X  Coefficient (s)  0.000004 

Std  Err  of  Coef.  0.000001 

60°C/90%RH  CYCLE  REGRESSION 
Regression  Output; 


Constant  0.022' 0 
Std  Err  of  Y  Est  0.006701 
P  Squared  0.712980 
No.  of  Ob.se rvati on s  11 
Degrees  of  Freedoni  9 


X  Coefficient(.s)  0.000505 
Std  Err  of  Coef..  O.OOOIOG 
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Figure  50:  M2A1  Container  Elevated  Temperature/Humidi ty  Data 
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Linear  Regression  Data  Over  Test  Cycle  Vapor  Pressure  Dif ferentiaJi  Range 


M2A-1  CONTAINER  FULL-SCALE  TEST 


t“4 

r4 

r4 

K> 

h% 

-t 

O 

1 

C»- 

1 

O 

1 

o 

1 

1 

c** 

1 

1 

c* 

1 

c*- 

1 

c»- 

1 

C*^ 

1 

1 

1 

Ul 

1 

Ul 

1 

Ul 

1 

Ul 

1 

Ui 

1 

Ul 

1 

Ul 

1 

Ul 

1 

UJ 

1 

UJ 

1 

UJ 

1 

UJ 

1 

Ul 

ID 

ID 

c» 

_ 

a> 

— 

o 

s 

ID 

ID 

u> 

u> 

u> 

(7» 

\r> 

u> 

£*4 

— 

ID 

ri 

— 

— 

I*:! 

3ivy  NIVO  lynisioM 


122 


VAPOR  F»Kt:55URE  PIFFliREHTIAL  (dyn*5.' 
^OL^R  +  toe  cr!  C:LE 


5.0  PERFORHAKCE  PREDICTION  MODELS 


5.1  Container  Materials  -  General  Discussion 

The  primary  challenge  to  justifying  the  use  of  the  two  plastic 
materials  studied  during  the  project  as  ammunition  packaging  materials  is  the 
lack  of  performance  requirements  and  data  covering  the  required  design  life 
of  the  container  items.  Plastic  materials,  as  with  many  engineering 
materials,  are  designed  and  formulated  to  meet  particular  specifications. 
Plastics,  as  raw  materials,  have  aind  will  change  over  a  period  of  time  in 
order  to  allow  more  efficient  manufacturing  processes  and  lower  cost  starting 
materials  to  be  used  to  meet  specification  requirements.  Testing  of  plastic 
materials  and  products  manufactured  from  plastics  must  be  ongoing  over  the 
production  life  of  the  manufactured  goods  in  order  to  establish  lot-to-lot 
and  batch-to-batch  differences  cind  to  ensure  that  the  plastic  materials  used 
meet  end  use  performance  requirements.  The  requirement  for  plastic  ammuni¬ 
tion  containers  to  function  over  a  thirty-year  period  dictates  that  ageing 
tests  be  conducted  on  container  materials  prior  to  production  as  part  of  the 
container  qualification  program.  This  testing  should  also  be  conducted  as 
part  of  container  production  acceptance  testing  on  a  lot-to-lot  basis. 

The  fact  that  plastics  are  formulated  to  meet  specifications  that 
do  not  necessarily  apply  to  their  actual  end  use  requires  that  performance 
property  limits  be  established  and  that  these  properties  be  tested  as  a 
function  of  time.  The  establishment  of  an  ongoing  test  program  is  critical 
to  the  successful  use  of  plastics  for  items  with  a  thirty-year  lifetime 
requirement  since  unacceptable  test  results  obtained  after  say  ten  or  twenty 
years  of  ageing  will  identify  problems  for  particular  ammunition  items  before 
the  end  of  their  life  cycle. 

The  project  was  faced  with  the  problem  of  not  having  defined 
performance  limits  to  which  the  test  data  as  a  function  of  exposure  could  be 
extended.  Further,  test  sample  materials,  which  could  be  used  to  obtain 
typical  engineering  property  information  during  the  course  of  the  project, 
were  not  available.  The  significcince  cind  impact  on  the  usefulness  of  the 
performcince  cind  lifetime  prediction  models  presented  are  such  that  the  models 
do  not  contain  the  degree  of  accuracy  on  which  a  major  production  program 
should  be  based  and  they  cannot  be  used  to  meet  the  objective  for  a  10% 
certainty  of  performance  over  a  thirty-year  period  without  additional 
testing.  Hov/ever,  they  can  be  used  to  predict  limits  of  probable  accept¬ 
ability  for  the  materials  tested,  especially  for  the  uncontrolled  outdoor 
exposure  period  likely  to  occur  during  the  container  life  cycle.  The  models, 
based  on  the  actual  degradation  of  the  materials  tested,  can  be  used  to 
predict  the  properties  of  these  specific  materials  after  being  subjected  to 
worst  case  conditions  at  the  extreme  conditions  of  the  logistics  chain.  The 
extent  to  which  this  information  can  also  be  applied  to  the  real  use  environ¬ 
ment  with  any  degree  of  certainty  cannot  be  determined  without  further 
testing,  Hov/ever,  the  fact  that  the  container  materials  and  the  full-scale 
items  tested  exhibited  a  measurable  degree  of  failure  after  only  a  short 
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period  of  real-time  exposure  at  a  point  early  in  their  life  cycle  imposes  a 
considerable  doubt  over  the  materials'  appropriateness  for  ammunition 
packaging  requiring  a  thirty-year  certainty  of  performance  capability. 

The  specific  materials  properties  to  be  tested  and  the  acceler¬ 
ated  environmental  conditions  to  be  used,  should  be  chosen  on  an  individual 
basis  for  each  specific  material  being  considered  for  a  particular 
application.  The  need  for  this  approach  is  clearly  seen  by  the  test  data 
presented  in  the  preceding  paragraphs  for  the  tv;o  materials  tested.  The  tv;o 
materials  are  chemically  and  compositionally  different  and  therefore  reacted 
differently  to  the  environmental  tests  conditions.  The  HOPE  used  for  the 
155mm  Propelling  Charge  container  was  shorn  to  be  sensitive  to  ultraviolet 
both  at  the  surface  and  in  the  bulk.  The  effects  of  the  thermal  and  humidity 
environment,  more  typical  of  the  indoor  storage  aspects  of  the  logistics 
chain,  v?ere  found  to  cause  very  different  changes  in  the  material.  The 
degradation  of  the  fiber  reinforced  polyester  used  for  tlie  H2A1  tended  to 
limit  itself  at  the  surface  during  the  time  period  over  v/hich  the  material 
and  full-scale  item  v;ere  tested.  The  extent  to  which  the  surface  v;ould 
accelerate  the  degradation  of  the  bulk  of  the  material  is  unknovm  since  the 
test  data  tended  tov/ards  a  plateau  and  the  tests  v/ere  ended  before  degrada¬ 
tion  could  be  measured  in  the  bulk  of  the  material.  Obviously,  these  tv;o 
materials,  tested  over  equal  time  frames  under  similar  conditions,  react  to 
the  environment  at  different  rates  and  therefore  will  require  different 
accelerated  test  procedures  to  characterize  their  long-term  performance 
characteristics. 

This  aspect  of  the  design  of  an  accelerated  test  program  cannot  be 
over  stressed  even  in  light  of  the  U.S.  Army's  desire  for  a  single  test 
procedure  for  all  plastics.  Plastic  materials  are  different  "chemicals"  and 
thus  have  different  reaction  kinetics  and  reaction  rates.  Plastics  also  are 
not  homogeneous.  They  vary  both  in  molecular  weight  distribution  and  com¬ 
pound  formulation,  although  usually  v;ithin  standard  manufacturing  tolerances. 
These  variations  cause  the  lot-to-lot  and  batch-to-batch  differences  referred 
to.  The  effects  of  these  variations  must  be  well  characterized. 

The  processing  of  plastic  materials  can  also  affect  long-term 
performance.  A  trend  of  plastics  production  processing  is  to  increase 
efficiency.  The  typical  technique  followed  is  to  reduce  cycle  time  or  change 
processing  temperatures.  The  net  effect  of  this  on  the  HDPE  v/ould  be  a 
change  in  the  degree  of  crystallinity,  while  on  the  glass  reinforced  poly¬ 
ester  a  change  in  cross-link  density.  These  properties,  as  shov/n  by  the  data 
obtained  during  the  project  have  a  considerable  effect  on  the  rate  of 
degradation.  Indeed,  the  degradation  rates  observed  during  the  project  for 
the  155mm  Propelling  Charge  container  may  have  been  quite  different  had  the 
items  liad  an  annealing  cycle  or  a  controlled  rate  of  cooling  after  the 
insertion  of  the  fiberboard  reinforcing  tube  component  of  the  assembly.  This 
in  part  could  explain  tlie  significant  differences  noted  in  the  DSC  data 
betv;een  the  elevated  temperature  testing  conducted  in  a  relatively  lov? 
humidity  environment  and  the  elevated  temperature /humidity  testing.  The 
crystallinity  of  HDPE  is  knovm  to  affect  the  fatigue  resistance  and  thus,  the 
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surface  cracking  observed  after  less  than  one  year  of  outdoor  exposure  during 
this  project  since  the  degree  of  crystallinity  affects  b  th  the  uptake  in 
oxygen  and  fatigue  resistance  at  the  surface  first  and  f^  ilov/ed  by  the  bulk 
(References  44  and  45). 


5.1.1  155mm  Propelling  Charge  Container  ?iDPE 

A  feature  of  the  measurement  data,  for  virtually  every 
property  measured  that  was  common  to  every  test  condition  used,  was  the  rate 
at  which  the  property  changed  early  in  the  tests  being  different  from  later 
stages  of  the  tests.  The  test  data  presented  in  paragraph  4.0  exhibits  the 
S- shape  typical  for  the  degradation  of  materials  discussed  in  paragraph  2.0. 
The  relative  location  of  the  end  of  the  induction  stage  in  this  respect 
exhibited  by  the  data,  could  be  used  as  an  indication  of  the  relative  degree 
of  acceleration,  especially  since  surface  cracking  occurred  shortly  after  the 
end  of  the  induction  stage . 

The  general  features  of  the  trends  shovm  by  the  data  can 
be  explained  by  the  v^idely  published  effect  of  ultraviolet,  temperature, 
moisture,  and  oxygen  on  polyethylene.  Specifically,  the  data  shows  the 
effect  of  the  uptake  of  oxygen.  This  feature  of  polyethylene  is  important  to 
the  de.sign  of  an  accelerated  test  and  especially  the  Interpretation  of 
results  since  thickness,  time  at  temperature,  and  ultraviolet  flux  and 
fluence  all  have  a  synergistic  role  in  the  degradation  of  the  material. 

The  relationship  of  the  crystalline  phase  to  the 
amorphous  phase  of  the  polyethylene  is  the  main  factor  which  determines  the 
properties  of  the  polyethylene.  The  crystalline  phase  is  inherently  more 
stable  to  oxidation,  however,  the  structural  properties  of  the  polymer  rely 
on  the  amorphou.s  region  betv/een  crystallites.  Therefore,  an  increase  in 
crystallinity  should  not  necessarily  be  interpreted  as  a  positive  indica¬ 
tion  since  an  increase  in  crystallinity  generally  results  from  either  the 
crystallization  of  the  airiorphous  region  or  by  the  decomposition  of  the 
amorphous  region.  The  mechanism  of  surface  cracking  postulated  for  the 
ultraviolet  exposure  is  therefore  the  decomposition  of  the  amorphous  region 
betv;een  crystallites.  This  postulation  justified  the  subtraction  of  the 
effects  of  the  crystalline  component  of  the  decomposition  heat  flov/  by  the 
DSC  measurements. 


The  rate  of  change  in  the  decomposition  heat  flov? 
property  v/as  found  to  be  directly  related  to  time  at  temperature  for  all  of 
the  exposure  tests  involving  ultraviolet  radiation,  v/ith  the  exception  of  the 
simulated  solar  radic'jtion  test.  Interestingly  for  this  test,  the  relation¬ 
ship  did  not  hold  for  the  data  as  a  function  of  ultraviolet  fluence.  A 
po.vsibility  for  this  could  relate  to  the  crystallinity  increasing  and 
stabilizing  the  polyethylene  at  a  rate  greater  than  the  decomposition  of  the 
amorphous  region  due  to  ultraviolet  since  the  test  being  conducted  at 
constant  conditions  and  the  possibility  that  the  solar  spectrum  used,  as 
described  in  Figure  3,  may  have  been  deficient  in  lov;  v/avelength  ultraviolet. 
Further,  the  lack  of  surface  cracking  during  the  simulated  solar  test  used 
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for  samplf;  meiterialE  and  full-scale  items  is  explained  by  the  influence  of 
v;ater  vapor  on  peroxide  fcnnation  and  the  ultraviolet  flux  rate  to  hourf;  of 
"daylight"  v/hich  could,  by  the  degradation  mechanisms  presented  in  equations 
15  through  21,  prevent  further  photoinduced  degradation.  This  is  possible 
since  the  container  material  v;as  pigmented  and  especially  thick  compared  to 
the  sample  materials  reported  on  in  literature. 

These  possibilities  also  explain  in  part  why  the  at- 
latitude  exposure  heat  flow  degradation  rates,  conceivably  conducted  at  lov/er 
temperatures,  with  respect  to  ultraviolet  fluence  v/ere-  greater  than  the 
laboratory  and  EtlKAQUA®  expo.sure  tests.  The  solar  simulation  test,  although 
also  having  a  high  rate  of  increasing  crystallinity  had  a  slov;  rate  of 
decomposition  in  the  amorphous  region.  Further,  none  of  the  laboratory  tests 
involved  the  temperature  excursions  in  the  surface  or  the  bulk,  v/hich 
undoubtedly  occurred  during  the  real-time  test. 

The  influence  of  even  small  temperature  excursions  ^ls 
related  to  ultraviolet  is  seen  by  comparing  the  crystallisation  rates  and 
decomposition  rates  of  all  tests  involving  ultraviolet.  The  Xenon  and 
simulated  solar  tests  v;ere  conducted  using  constant  conditions.  The  Xenon 
radiation  contained  more  low  wavelength  ultraviolet  radiation  them  any  of  the 
other  tests  and  thus  would  be  expected  to  cause  damage  to  the  polymer  at  a 
greater  rate  tnan  the  other  tests,  especially  on  the  basis  of  fluence.  The 
fact  that  it  did  not  shows  the  importance  of  time  at  temperature.  Likev/ise, 
the  EHHAQUAl-  test,  v;itb  temperature  excursions,  did  not  produce  the  greatest 
rate  of  change  on  the  basis  of  ultraviolet  fluence  although  it  also  presented 
a  high  flux  r.'itc,  or  acceleration  of  ultraviolet  radiation,  The  cau.se  for 
the  noted  relationships  being  related  to  the  uptake  of  oxygen  are  supported 
by  discussions  presented  in  References  44,  45,  50,  and  51  and  by  noting  the 
crystallization  and  decomposition  rate.s  for  the  elevated  temperature  tests 
conducted  at  ambient  humidity  conditions  and  the  elevated  temperature/ 
humidity  tests.  The  elevated  temperature  test  exhibited  the  greater  rate  of 
chetnge  although  in  an  opposite  direction  from  the  tests  v/ith  ultraviolet 
radiation  apparently  due  to  the  increase  in  crystallization  resulting  from 
the  elevated  temperature. 

The  apparent  mechanism  by  v/hich  the  "accelerated 
ultraviolet”  tests  did  not  produce  acceleration  of  degradation  in  terms  of 
ultraviolet  fluence  is  the  chemistry  by  v^hich  reactive  specie.s  at  the  surfave 
are  quickly  tied  up  and  provide  a  protective  barrier  for  the  further  reaction 
in  the  bulk  of  the  material  where  thermal  oxidative  processes  prevail,  The 
change  in  phy.sical  properties  at  tlie  surface  resulting  from  changes  in 
crystallinity  thus  could  account  for  the  occurrence  of  the  surface  cracks, 
This  i.s  shovm  by  the  DSC  data  in  Table  14.  Hov/ever,  the  limiting  values  of 
the  DCC  data  related  to  the  occurrence  of  cracking  obtained  from  the  measure¬ 
ment  samples  taken  from  the  surface  as  compared  to  the  bulk  sugger:t  a  failure 
point  for  engineering  propertie.s  such  as  tensile  and  impact  resistance.  This 
property  therefore  provided  the  basis  for  the  lifetime  prediction  analy.ses 
de.scribed  in  subsequent  paragraphs  and  exhibited  in  Appendix  D. 


The  influence  of  temperature  excursions  can  be  explained 
by  the  conr  iderat  ion  of  the  cr-.-ep  properties  of  the  material  vath  regard  to 
time/temperature  sup"^-rpositionirig  principles  as  derived  from  the  W-L-F  and 
Arrhenius  equations  as  discussed  in  paragraph  2.4.1.  The  fatigue  behavior  of 
semi-crystalline  pol^Tners,  such  as  polyethylene,  depends  on  thermal  history. 
Crack  propagation  depends  not  only  on  annealing  temperature,  but  on  the  amor- 
phou.s  region  containing  tie  molecules  betv/een  crystallites.  Thus,  the  choice 
of  an  accelerated  test  v;hich  does  not  affect  the  crystallinity  of  the  polymer 
at  a  rate  proportional  to  the  rate  that  the  real  environment  affects  the 
amorphc'us  legiri,,  cannot  accelerate  effects  in  a  v;ay  that  can  be  modelled. 

One  conclusion  that  can  be  made  from  the  results  of  the 
project  for  the  155mm  Propelling  Charge  container,  and  very  probably  for 
polyolefins  in  general,  t/hich  is  suggested  in  thor  cited  references  that 
describe  the  thickne.cs;  of  the  samples  used  for  other  investigations,  is  that 
thi't'kness  must  be  included  as.  a  variable  in  the  test  matrix  to  determine  the 
effects  of  the  environment  and  accelerated  testing  on  structural  propert:e.s, 
including  structural  properties  dependent  on  or  originating  at  the  surface. 

The  fact  that  surface  cracking  occurred  very'  close  to  the 
end  of  th*"-  heat  flow  and  color  data  induct'on  periods  v;hich  could  be  related 
to  a  bulk  phenomenon  complicate.*'  the  development  of  a  lifetime  prediction 
model  based  on  accelerated  test  data.  It  suggests  that  accurate  lifetime 
prediction  models  should  be  based  on  real-time  e.xposure  tests  conducted  over 
a  temperature  regime  covering  the  range  of  the  logistics  chain.  Accelerated 
tes'ts  could  be  conducted  concurrent  v;ith  real-time  te.sts  for  purposes  of 
quali f i  :'ati  on  and  acceptance  purposes  for  new  materials  arid  p<roce.sses, 
hcu’ever . 


5.1.2  lf2Al  Small  Ammo  Container  Material 

The  thermal  analysis  data  for  the  155mm  Propelling  Charge 
container  material  v/as  related  to  cracking,  and  thus  brittleness,  by  asso¬ 
ciating  th'=’  change  in  a  property  v;ith  the  cracking  phenomenon.  The  end  of 
the  induction  period  for  this  material  v/as  seen  graphically'  in  both  thermal 
analysis  data  and  colorimetric  data  and  was  applied  to  bulk  properties.  Thi.* 
analysiis  could  not  be  applied  to  the  M2A1  container  material  since,  as  shovm 
in  Table  15  and  Figure.'-  IG  through  19,  the  properties  that  could  be  related 
to  a  physical  property  v/ere  not  found  to  reach  the  end  of  the  induction 
period.  As  noted  in  the  discuss^lon  of  the  exposure  tests  with  solar  or 
simulated  solar  radiation  in  paragraph  4.0,  fiber  blooming  v/as  a  main  feature 
of  the  degradation  of  the  material.  The  thermal  analysis  data  suggests  that 
this  degradation  v/as  limited  to  the  surface  of  the  container  and  the 
container  test  sample.s.  The  extent  to  v/hich  these  .surface  property  changes 
can  b<-'  related  to  the  important  functional  propertie.s  of  strength  and  im.pact 
re.sistance  is  not  knov/n,  Hov/ever,  it  is  quite  clear  that  in  less  than  on'5 
year  of  outdooi  exposure  the  M2A1  container  exhibited  a  measurable  degree  of 
change.  This  information  can  be  used  to  base  further  testing  to  determine 
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th--  off'-  rt  of  the  observed  changes  on  strength  properties  and  on  moisture 
vapor  transmission  rate  properties.  Performance  prediction  model.?  could  not 
be  prepared  for  the  H2A1  container  material  v/ith  the  limited  data  available. 

The  container  handle  material  wa-s  found  to  be  sensitive 
to  ul ’■ravic  let  in  outdoci  and  accelerated  tests.  The  handle  material  was  not 
.subjerted  to  the  measurements  described  for  the  container  materials  but  is  a 
result  of  the  expo.sure  testing  the  handle  material  was  .so  badly  cracked  that 
it  i.s  unlikely  that  the  handle  could  function  after  even  a  short  outdoor 
exposure.  The  met,ril  hinge  pins  and  pins  used  to  retain  the  handle  vjere  also 
seen  to  exhibit  slight  corrosion. 


5.2  155mm  Propelling  Charge  Container  Material  Performance 

Prediction  Model 

The  discussion  of  durability  in  paragraph  2.5  shotted  the  temper¬ 
ature  dependence  of  a  property  change  for  a  material  to  be  related  to  its 
activation  energy.  The  mathematical  treatment  of  property  change  as  a 
function  of  temperature  in  paragraph  2.5  suggests  that  the  activation 
energies  for  photodegradation  v;ill  be  lov/er  than  the  activation  energy  for 
thenmal  degradation.  Activation  energies  for  thermal  degradation  processes 
are  available  in  literature  for  many  materials  ho'.vever,  activation  energies 
for  photodegradation  are  limited  to  a  fev;  materials  and  are  not  v/idely 
published.  A  possible  reason  for  this  relates  to  the  approaches  typically 
taken  to  model  degradation  as  a  function  of  exposure  testing. 

Gross  properties,  such  as  engineering  or  appearance  properties,  are 
measured  during  tyi'4cal  exposure  test  programs.  The.se  propertie.?  are  often 
dependent  on  many  measurement  parameters,  especially  the  rate  of  testing  for 
engineering  properties,  as  \/ell  as  the  influence  of  the  surface  propertie:-:  on 
bulk  properties,  Tyi^ical  test  programs  generally  do  not  account  for  surface 
and  bulk  property  changes  and  only  rarely  consider  thickness  effect.s.  The 
results  of  these  test  programs  therefore  have  limited  applicability  to  the 
prediction  of  performance  for  the  material  tested  since  the  combination  of 
the  degree  of  degradation  at  the  surface,  the  thickness  of  the  material  and 
the  thermal  hi.story  of  the  material  affect  the  overall  rate  of  degradation  of 
performance  as  they  relate  to  these  properties.  Thus,  even  if  the  test  is 
carried  thi ough  Llie  saturation  phase  the  rate  of  degradation  could  depend  on 
the  mechanism  by  v/hich  the  material  reached  the  rate  controlling  phase.  In 
order  to  obtain  an  accurate  rate  and  thus  activation  energy  from  experimental 
data  using  gross  property  measurements  requires  an  extensive  investigation  of 
the  effects  of  environmental  factors  on  these  properties.  These  environ¬ 
mental  factor.?  include  time  of  year  for  outdoor  exposures  and  time  at 
temperature  for  indooi'  exposure.?. 

Similar  statements  concerning  thermal  analysi.?  data  could  be  made. 
It  i.o  interesting  hov/ever,  to  note  that  the  relationship  of  the  crystallinity 
to  the  amorphous  region  in  a  general  sense  explains  the  trends  exhibited  by 
the  D.GC  data  for  the  ]  55mm  Propelling  Charge  container.  The  outdoor  and 
accelerated  ultraviolet  tests  suggest  the  relationship  is  more  dependent  on 
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tim-'  .-it  trmporature  th-nn  on  ultraviolet  fluenoe  while  the  temperature/ 
humil.ity  and  elevated  temp'^iiature  test  results  indicate  that  moisture 
affo:rted  the  rat>'  of  property  change  mere  than  temperature.  Thus,  the  use  of 
Dor"  techniques  allowed  the  study  of  the  effects  of  different  environments  on 
the  HOPE  and  how  these  environments  affected  polymer  structure  in  reaching 
tlv;  rate  contr :  1 1  i/.g  phase.  Had  the  exposure  tests  been  carried  through  th*'- 
rate  controlling  phase,  differences  in  rate  could  then  be  explained  in  termr' 
of  changes  in  the  polyamer  structure  rather  than  variation  in  the  environment. 

F; rtuitously,  the  DSC  measurements  conducted  on  the  HDPE  correlated 
a  material  structural  property  v;ith  a  measurement  property,  both  thermal  and 
photoaotivation  energies  for  HDPE  were  found  in  literature,  the  exposure 
tests  v;ere  conducted  at  different  temperatures,  and  a  structural  property 
failure  which  could  be  measured  at  the  surface  and  in  the  bulk  v/as  found  to 
occur  near  the  end  of  the  induction  phase.  This  combination  of  results  and 
eventr  all-owed  a  nerformance  prediction  modelling  scheme  to  be  developed 
whi'.'h,  although  not  a.s  straight  fora/ard  as.  the  scheme  described  in  paragrapli 
r.F  and  therefore  perhap.s  novel,  resulted  in  a  prediction  of  the  range  of 
time  and  the  range  of  temperatures:-  over  which  the  155mm  Propelling  Charge 
container  material  is  expected  to  have  a  viable  life. 

The  approach  taken  to  prepare  the  performance  prediction  models, 
exhibited  in  Appendix  D,  involved  stu-dying  the  effects  of  apparent  activa¬ 
tion  energy  over  the  temperature  range  representative  of  the  logistics  chain 
on  the  Arrhenjus  relationships  presented  in  paragraph  2.5.  The  results  of 
this  analysis,  v/hich  used  the  rate;--,  of  degi cidation  determined  experimentally 
durinc:  the  pr-:ject,  allowed  the  deterraination  of  a  range  of  time  over  v;hich 
the  HDPE  material  used  for  the  155mm  Propelling  Charge  container  v;ould  be 
expected  to  retain  structural  properti-^-s  'when  stored  outdoors  or  indoors  in 
.several  different  environments.  The  failure  or  endpoint  used  for  the  models 
\;as  based  on  the  adjusted  heat  flow  values  discussed  previously  and  is 
interpreted  to  indicate  the  point  at  v/hich  the  container  material  v/ould  be 
expf^'Cted  t'  easily  crac):  v/ell  into  the  bulk  of  the  material. 

Equations  26  and  27  v/ere  u.sed  to  calculate  property  values  as  a 
function  of  time  or  ultraviolet  fluence  for  the  plots  shov/n  in  Appendix  D. 
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155mm 

Table  27 

Activation  Energy  Values  Used 
for 

Propelling  Charge  Container  Performance 

Prediction  Models 

Activation 
Energy 
(CAL /MOLE) 

Type 

Source  of  Value 

Comment 

4633.1 

Photo 

Experimental  Data 

- 

7000 

Photo 

Reference  41 

- 

9500 

Photo 

Arbitrary  Value 

Value  used  to  test 
effect  of  Activation 
Energy  on  Model 

12000 

Thermal 

Arbitrary  Value 

Value  used  to  test 
effect  of  Activation 
Energy  on  Model 

26000 

Thermal 

Reference  19 

- 

Tabl  28 

155min  propelling  Charge  Container  Material 
Performance  Prediction  Model  Summary 

Indoor  Storage  Environment 

Environmental 

Model  Activation  Temperature 


Conditions 

Enerav  (CAL/M01£) 

Range 

("O 

Lifetime  Prediction 

Dry 

12000 

0  - 

30 

Greater  than  34  years 

26000 

0  - 

30 

Greater  than  34 
years 

Humid 

12000 

0  - 

30 

17  to  34  years 

26000 

0  - 

30 

Greater  than  34 

years 


Outdoor  Storage 


4633. 1 

20 

-  60 

1  to  2  years  (300  to 
800  MJ/m^  ultraviolet) 

- 

7000 

20 

-  60 

1  to  4  years  (300  to 
1200  MJ/m2  ultraviolet) 

- 

9500 

20 

-  60 

)  to  5  years  (300  to 
1700  MJ/m^-  ultraviolet) 

130 


In  equation  26,  ki  is  the  rate  of  change  at  temperature  Ti,  E<,  is 
the  apparent  activation  energy,  R  is  the  gas  constant,  and  ko  is  eho  rate  of 
change  at  T,,.  Pi  is  the  calculated  property  value  at  Ti  in  equation  27, 
determined  from  linear  regressions  of  measurement  data  obtained  during  the 
project  and  may  be  found  in  Tables  12  and  13.  The  origins  of  the  activa¬ 
tion  energy  values  used  are  shovm  in  Table  27.  The  temperature  values  used 
to  prepare  the  models  covered  the  range  of  temperatures  expected  to  occur  in 
the  logistics  chain.  A  summary  of  the  performance  prediction  models  for  a 
number  of  generalized  storage  conditions  is  shovm  in  Tcible  28. 


5.3  Container  Moisture  Gain 


5.3.1  155mm  Propelling  Charge  Container 

The  effect  of  moisture  gain  on  the  functional  lifetime  of 
the  155mm  Propelling  Charge  container  cannot  be  determined  until  the  unac¬ 
ceptable  limit  of  moisture  inside  the  container  is  determined.  The  test  data 
obtained  during  the  project  indicate  that  the  unpalletized  155inm  Propelling 
Charge  container  retains  its  seal.  Hov;ever,  v;hen  outside  vapor  pressure 
conditions  exceed  the  vapor  pressure  at  the  time  of  loading,  for  example  v/hen 
stored  in  a  tropical  environment,  there  v/ill  be  a  net  increase  in  moisture 
inside  the  container.  This  is  especially  true  during  daytime  periods  v?hen 
the  vapor  pressure  of  the  storage  environment  is  likely  to  exceed  the  vapor 
pressure  inside  the  container  in  many  geographic  locations  in  the  logistics 
chain.  The  integrity  of  the  container  seal  and  the  v/all  thickness  of  the 
container  also  contributed  to  the  net  increase  of  moisture  as  shovm  by  the 
tests  having  lov?  outside  vapor  pressure.  The  results  of  these  tests 
indicated  that  the  container  v/alls  continued  to  desorb  moisture  into  the 
container  v;ith  time. 


As  reported  in  Reference  46,  the  155mm  Propelling  Charge 
container  test  item  v/as  sealed  under  conditions  of  20‘’C/50%RH  or  at  a  vapor 
pressure  of  approximately  7.5  dynes/cm^.  The  solar  cycle  test  conditions 
used  a  vapor  pressure  outside  the  container  of  approx.imately  81  dynes/cm=’ 
v/hile  the  vapor  pressure  during  the  60®C/90%RH  cycle  v/as  approximately 
166  dynes/cm^ .  The  moisture  gain  rates  shovm  in  Table  24  show  that  the 
container  gained  moisture  during  the  60®C/90%RH  cycle  at  a  rate  approximately 
tv70  times  greater  than  during  the  solar  cycles.  Comparison  of  these  data  to 
the  60*C/20%RH  cycle  v^here  the  outside  vapor  pressure  V7as  determined  to  be 
16.9  dynes/cm^-  shov/s  the  driving  effect  of  temperature  on  moisture  gain  by 
desorption , 


Thus,  one  conclusion  to  be  made  for  the  155mm  Propelling 
Charge  container  is  that  the  moisture  content  v;ill  tend  to  increase  with  time 
in  both  temperate  and  humid  environments  where  the  moisture  vapor  pressure 
environment  is  greater  thsm  at  the  load  plant  environment.  Daytime  and 
nighttime  temperature  and  humidity  swings  in  temperate  and  humid  environments 
viniild  obvintisly  tend  to  slov;  dovm  the  moisture  gain  rate,  hov;ever  the  test 
data  suggest  that  even  under  real  conditions  there  v;ill  be  a  net  gain. 
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The  extent  to  which  the  moisture  gain  rate  can  be 
modelled  will  depend  on  obtaining  more  detailed  temperature  and  humidity  data 
for  the  indoor  storage  environments.  The  logistics  chain  study  indicated 
that  the  storage  bunkers  were  not  specifically  controlled.  This  suggests 
that  there  would  be  daytime  and  nighttime  temperature  and  humidity  swings  but 
not  as  great  as  in  the  outdoor  environment. 

The  60°C/90%RH  test  conditions  used  represented  the 
extreme  of  the  logistics  chain  environment.  As  a  constamt  condition  test  it 
also  indicates  the  limit  to  which  elevated  temperatura/humidity  tests  for  the 
evaluation  of  the  effects  of  moisture  can  realistically  be  accelerated.  The 
degree  of  acceleration  could  be  determined  by  the  change  in  moisture  gain 
rate  resulting  at  lower  outside  moisture  vapor  pressures  and  applied  to  a 
prediction  model  by  quantifying  the  daytime  and  nighttime  changes  in  moisture 
vapor  pressure  on  a  time  basis  to  adjust  the  moi£tUi.a  in  the  container. 


5.3.2  H2A1  Small  Ammo  Container 

The  effect  of  moisture  gain  on  the  functional  lifetime  of 
the  M2A1  container  also  cannot  be  determined  until  after  an  allov;able  limit 
of  moisture  inside  the  container  has  been  established.  The  test  data 
obtained  for  the  M2A.1  container  indicates  that  it  is  less  v?ell-sealed  than 
the  I55mm  Propelling  Charge  container  but  because  of  this  the  container  might 
not  exhibit  an  overall  net  gain  of  moisture,  especially  during  outdoor 
exposure  in  low  humidity  environments.  This  is  seen  by  the  moisture  gain 
rate  data  in  Table  26  v;here  the  rate  of  moisture  gain  during  the  solar  cycle 
v.’as  two  orders  of  magnitude  slovjer  than  during  the  high  humidity  test. 

The  modelling  concept  discussed  for  the  155mm  Propelling 
Charge  container  could  be  applied  to  the  112A1  container.  However,  the 
results  of  the  testing  and  the  degree  of  acceleration  must  be  interpreted 
differently  in  view  of  the  significant  difference  in  moisture  gain  rate 
between  high  and  low  moisture  vapor  pressure  regimes.  The  contents  of  the 
M2A1  container  are  likely  to  experience  a  cyclic  humidity  environment  in  both 
hot,  dry,  and  temperate  environments.  Under  the  conditions  presented  by  the 
container  in  these  environments,  the  contents  would  be  subjected  to  the 
effects  of  ab.sorption  and  desorption  of  mo.isture. 

The  degree  of  acceleration  for  the  M2A1  container  v/ould 
result  from  test  conditions  v/hich  v/ould  allov/  the  contents  of  the  container 
to  be  subjected  to  these  absorption  and  desorption  effects.  This  is  in 
direct  contrast  to  the  155mm  container  v/here  a  constant  condition  test 
apparently  v/ould  produce  the  greatest  acceleration.  The  specific  test 
conditions  which  would  produce  acceleration  for  the  I12A1  container  v;ere  not 
established  during  the  project.  The  conditions  most  likely  to  produce 
realistic  acceleration,  as  suggested  by  the  test  data  available,  would 
involve  a  cyclic  test  which  would  allow  the  container  to  desorb  moisture 
during  a  low  vapor  pressure  cycle.  As  seen  from  the  test  data  presented  in 
Reference  4G  each  leg  of  the  test  cycle  could  be  as  long  as  several  hundred 
hours. 
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6,0  SUlPlflJ<Y  AND  CONCLUSIONS 


6 . 1  Summary 

The  obie'^^ive  of  the  work  reported  V7ar  to  develop  a  test 
methodology  based  on  ammunition  packaging  container  logistics  which  would 
result  in  accurate  life  cycle  performance  models  for  plastic  ammunition 
packaging.  Ideally,  the  methodology  would  involve  a  single  series  of  tests 
which  \70uld  be  applicable  to  all  plastic  packaging  materials  and  full-scale 
container  items.  The  HDPE  155mm  Propelling  Charge  container  and  the  glass 
reinforced  polyester  H2A1  Small  Ammo  container  were  used  during  the  project 
to  study  the  performance  of  materials  and  the  respective  container  items 
during  accelerated  and  real-time  environmental  tests.  The  test  procedures 
used  during  the  course  of  the  project  focused  on  Mil-Std  and  commercially 
accepted  practices  v/hich  are  generally  used  for  products  with  shorter  life 
cycles.  These  procedures  are  based  on  years  of  experience  and  thus  sen^e  as 
a  basis  for  developing  the  methodology  needed  to  extend  test  results  to 
thirty-yesxr  time  frames.  The  analytical  portion  of  the  work  effort  addressed 
identifying  the  areas  of  current  state-of-the-art  testing  methodology  that 
require  change  in  order  to  develop  long-term  performance  models. 

A  variety  of  materials  property  measurement  techniques  were  also 
evaluated  during  t'ue  course  of  the  project.  These  techniques  included 
therm, al  property,  engineering  property,  and  optical  property  measurement 
procedures.  The  measurement  data  quantified  property  changes  resulting  from 
environmental  exposure  testing  and  were  used  to  prepare  performance  predic¬ 
tion  models.  The  sensitivity  of  the  thermal  analysis  and  optical  properties 
measurements  provided  data  which  could  be  modelled  even  after  s,.rt  term 
testing.  The  tensile  and  elongation  tests  conducted  on  Harlex  CL-100  HDPE 
shov/ed  that  although  these  properties  changed,  the  environmental  tests  were 
not  conducted  long  enough  to  derive  a  meaningful  model  by  itself.  Hov?ever, 
in  combination  the  results  of  the  project  show  that  specific  materials' 
characteristics  and  specific  container  designs  must  be  used  to  determine  the 
detailed  test  procedures  to  be  followed  in  order  to  develop  performance 
prediction  models.  The  results  further  show  that  it  is  unlikely  that  one 
series  of  tests  and  one  material  property  can  be  used  to  prepare  models. 

These  conclusions  are  made  by  comparing  in  a  relative  sense,  the  performance 
of  the  155mm  Propelling  Charge  container  HDPE,  the  Harlex  CL-100  HDPE,  and 
the  glass  reinforced  polyester  in  the  M2A1  container.  Both  the  Harlex  CL-100 
and  the  155mm  Propelling  Charge  container  polyethylene  became  embrittled 
during  the  testing  as  evidenced  by  the  changes  in  strength  and  elongation  for 
the  Harlex  CL-100  and  by  the  decrease  in  the  amorphous  nature  of  the  155mm 
Propelling  Charge  container  material.  The  M2A1  container  material  exhibited 
significant  changes  in  appearance  during  the  testing  but  changes  related  to 
changes  in  structural  performance  were  not  measurable. 

The  results  of  the  moisture  vapor  transmission  rate  testing  of  the 
tv7o  container  items  also  supports  the  conclusion  that  a  single  series  of 
tests  for  all  container  items  is  not  appropriate  for  the  final  test  plan. 

The  characteristics  of  the  155mm  Propelling  Charge  container  suggest  moisture 
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will  slov;ly  be  gained  over  long  periods  of  time  v;hereas  the  fl2Al  container 
will  gain  and  lose  moisture  depending  on  the  environment.  The  test 
procedurer;  used  to  evaluate  these  different  characteristics  necessitate 
different  environmental  test  procedures  in  order  to  quantify  the  effects  on 
the  ammunition  items. 

The  specific  accomplishment  of  the  project  resides  in  forming  the 
basis  for  the  Volume  II  Test  Plan  by  providing  specific  examples  of  the  use 
environmental  test  data  to  prepare  performance  prediction  models.  The  data 
obtained  and  the  resulting  analyses  for  the  tv7o  container  items  tested  also 
serve  as  the  basis  for  continued  testing  for  these  items.  The  results  of  the 
project  suggest  that  a  test  plan,  in  a  generic  sense,  is  feasible.  Hov/ever, 
the  actual  test  procedures  followed,  the  specific  properties  measured  and  the 
analysis  of  test  data  must  be  on  a  materials  specific  and  container  item 
specif  1-  basis.  The  results  of  this  project  show  that  it  is  unlikely  that  a 
single  t«  st  or  series  of  tests  will  result  in  sufficient  data  to  develop  life 
cycle  prediction  models  covering  a  thirty-year  period. 


6.2  155mm  Propelling  Charge  Container 

The  results  of  the  155mm  Fiopelling  Charge  container  material  tests 
indicate  that  the  HDPC  used  for  the  container  will  not  meet  the  requirements 
for  a  tvro-year  uncontrolled  outdoor  exposure  in  extreme  desert  and  tropic 
environments.  This  is  due  to  the  sensitivity  of  the  material  to  ultraviolet 
radiation  at  high  temperatures.  The  extent  to  v/hich  the  wall  thickness  of 
the  container  V7ould  provide  adequate  protection  from  physical  abuse  such  as 
impact  or  palletisation  loads  v;as  not  measured  directly.  Hov;ever,  the 
performance  prediction  model  used  v;as  based  on  the  rate  of  a  property  change 
measured  in  the  bulk  as  a  function  of  exposure  testing  v/hich  showed  a  clear 
relationship  to  the  cracking  phenomenon  at  the  surface.  The  results  of  tests 
without  solar  radiation  indicate  that  the  HDPE  material  is  more  sensitive  to 
hot  and  humid  environments  than  to  hot  and  dry  environments. 

The  performance  prediction  models  prepared  for  the  material  v/ere 
derived  by  applying  the  Arrhenius  equation  to  the  measured  rate  of  a  property 
change  at  temperatures  representative  of  the  logistics  chain.  The  activation 
energy  of  the  HDPE  used  to  prepare  the  model  for  the  155mm  Propelling  Charge 
container  was  not  specifically  determined  during  the  course  of  the  project. 
However,  several  activation  energies,  taken  from  literature  and  derived  from 
experimental  data  by  analysis,  were  used  to  evaluate  the  effect  of  this 
property  on  the  model.  The  range  of  activation  energies  used  showed  little 
effect  on  the  predicted  lifetime  for  temperatures  at  the  high  temperature  end 
of  the  logistics  chain  environment  involving  outdoor  exposure.  The  study 
shov/ed  that  the  lifetime  of  the  container  material  v/as  also  not  greatly 
affected  by  the  activation  energy  value  for  dry  indoor  climates  but  did  shov; 
an  effect  for  hot  humid  indoor  environments. 


The  expected  lifetime  of  the  container  material  in  the 
environment  v/as  predicted  to  range  betv/een  one  and  five  years  in 

The  lifetime  of  the  container  material  stored 


outdoor 
temperate 
indoors  V7as 
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predicted  to  be  greater  than  34  years  in  dry  climates  and  in  a  range  between 
17  and  34  years  in  humid  climates.  These  predictions  do  not  include  the 
effects  of  palletisation  loads,  the  long-term  effects  of  typical  temperatuje 
swings  on  palletized  containers  or  the  effects  of  maintenance  and  transporta¬ 
tion  environments,  all  of  v/hich  could  shorten  the  life  of  the  container.  The 
performance  predictions  for  the  container  material  also  do  not  include  the 
long-tenn  ageing  effects  of  the  seal. 

The  accuracy  of  the  predictions  cannot  be  established  at  this  time 
since  the  a-"tivaticn  energies  related  to  photodegradation  and  thermal  degra¬ 
dation  of  the  material  v7ere  not  actually  determined.  The  range  of  activation 
energies  used  to  test  the  models  iiov/ever,  does  lend  a  degree  of  confidence  in 
the  resulting  predictions  from  the  standpoint  that  the  models  predict  the 
failure  of  the  m^^terlal  in  less  than  one  year  of  real-time  outdoor  exposure 
and  is  supported  by  test  data.  Further,  the  models  were  based  on  test  data 
obtained  in  a  temperature  range  representative  of  the  end  use  environment. 
This  also  v;ould  tend  to  minimize  error.  A  discussion  of  the  effects  of 
errors  in  activation  energy  on  scaled  temperature  tests  is  given  in  Referenc-' 
IS.  This  analysis  showed  that  the  greater  the  difference  betv;een  the  service 
temperature  and  the  accelerated  test  temperature,  the  more  accurate  activa¬ 
tion  energy  had  to  be  in  order  to  produce  reliable  lifetime  predictions.  A 
small  difference  in  temperatures  betv/een  real  and  accelerated  conditions 
v7ould  require  that  the  activation  energy  be  determined  to  V7ithin  300  calories 
per  mole  in  order  to  determine  a  rate  with  a  lOT  error. 

The  te.sts  conducted  on  the  models  used  activation  energies 
different  by  several  thous.and  calories  per  mole.  Large  differences  in 
activation  energy  over  the  logistics,  chetin  temperature  range  did  not  cause  a 
major  change  in  the  predicted  lifetime  at  lea.st  in  respect  to  the  design  life 
requirements  for  a  two-year  uncontrolled  outdoor  storage  and  a  thirty-year 
service  life.  The  accuracy  of  the  models  presented  therefore  depend  greatly 
on  the  degradation  rates  measured  for  the  HDPE  being  representative  for  the 
material  and  manufacturing  process  pcirameters  used. 

The  test  samples  used  during  the  project  were  taken  from  tv/o 
containers.  However,  test  data  was  obtained  V7ith  a  reasonable  variance. 
Thermal  analysis  measurements  did  show  that  the  thermal  history'  of  the 
material  could  affect  results.  This  aspect  of  the  test  results  being  related 
to  the  degradation  rate  causes  one  of  the  tv7o  areas  of  concern  in  using  the 
models. 


The  possibility  for  a  different  thermal  history  for  container  items 
even  in  the  same  lot  of  items  relates  to  the  size  and  mass  of  the  container. 
Different  cool  dovTn  rates  after  molding  could  occur  as  a  result  of  plant 
environment  or  handling  after  the  molding  cycle.  Palletized  containers  could 
he  in.sulated  by  items  on  the  outside  of  the  pallet  and  thus  be  subjected  to  a 
different  thermal  profile  and  as  suggested  in  Reference  44  cause  creep  and 
fatigue  failure  to  occur  at  different  rates 

The  second  area  of  concern  involves  the  extrapolation  of  mater.ialr 
property  data  in  the  induction  phase  to  a  poorly  characterized  point  in  the 
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rate  controlling  pha^o ,  This  n’as  required  primarily  for  the  tests  \’ithout 
solar  radiation  and  relates  specifically  to  the  short  duration  of  the  tests. 
The  measurement  data  \7as  cencentrnted  in  the  induction  phase  where,  because 
of  the  action  of  stabilisers,  test  data  are  often  scattered.  Further, 
degradation  rates  v;ere  determined  using  linear  regression  through  the 
induction  phase. 

The  moisture  vapor  transmission  rate  testing  cannot  be  related  to  a 
lifetime  prediction  model  at  this  time  because  an  acceptable  limit  for  the 
amount  of  moisture  inside  the  container  is  not  available.  Test  procedures 
have  been  established  which  resulted  in  moisture  gain  rate  as  a  function  of 
vapor  pressure  differential.  This  rate  could  be  used  to  prepare  a  model 
\;hich  vjould  predict  the  amount  of  v/ater  inside  the  container  v;ith  respect  to 
time  in  a  specific  moisture  vapor  pressure  environment. 

Caution  should  also  be  used  when  applying  the  results  of  the 
moisture  gain  uatu  to  a  prediction  model.  Only  one  container  item  V7as 
tested.  Further,  the  effects  of  container  age,  the  torejue  used  to  seal  the 
cap  and  effects  of  moisture  brought  into  the  container  by  the  contents  v/ere 
not  investigated.  Therefore  the  extent  to  v;hich  the  data  obtained  is 
a'Ttually  representative  of  the  container  design  has  not  been  established. 


G.?  M2A1  Small  Ammo  Container 

The  approach  taken  to  determine  the  functional  lifetime  of  the 
fiberglass  reinforced  polyester  material  used  for  the  MCA!  container  focused 
on  measuring  changes  in  the  gla.ss,  filler,  and  polymer  content  of  the 
material  a-s  a  function  of  the  exposure  testing.  The  results  of  this  testing 
v7ere  inconclusive  in  that  little  measurable  change  occurred  over  the  duration 
of  the  tests  conducted,  A  performance  prediction  model  could  not  be 
developed  using  the  data  available. 

The  mode  of  degradation  resulting  after  less  than  one  year  of 
outdoor  desert  exposure  was  typical  for  fiber  reinforced  composites.  The 
effect  of  the  noted  surface  degradation  on  the  ability  of  the  container  to 
provide  protection  to  its  contents  v;as  not  tested.  The  results  of  the  tests 
do  give  the  conditions  and  Lime  frame  re^quited  on  which  to  base  further 
accelerated  testing  however. 

The  results  also  sho\7  that  the  container  handle  material  is  not 
environmentally  stable.  Since  the  container  handle  is  directly  related  to 
the  function  of  the  container  and  it  is  directly  exposed  to  the  environment 
it  should  be  included  in  any  future  testing. 


G.4  Container  Test  Plan 

been  used  as 
The  test  plan 
th^  conc'?p^ 


The  data  and  analysis  contained  in  this  volume  have 
the  basis  for  the  container  test  plan  described  in  Volume  II. 
i.s  applicable  to  plastic  ammunition  packaging  containers  from 
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stacje  through  production  and  addresses  materials  issues  as  well  as  functional 
properties.  Foremo.st  to  the  success  of  the  test  plan  will  be  the  definition 
of  the  limits  of  acceptability  in  regards  to  material  properties  and  the 
function  of  the  container  design.  These  definitions  v;ere  not  available 
during  this  project  and  therefore  hindered  the  success  of  the  project  if  only 
by  making  the  significance  of  the  results  difficult  to  judge. 

The  modes  of  degradation  and  the  degree  of  degradation  recognized 
for  the  155nim  Propelling  Charge  container  and  the  M2A1  container  in  less  than 
one  year  of  realtime  exposure  testing  clearly  suggests  that  the  containers 
and  container  materials  be  subjected  to  additional  testing  before  they  are 
used  for  production  items.  The  status  of  the  testing  of  these  two  containers 
v.’ill  be  summarized  v;ith  suggestions  for  additional  testing  in  the  following 
paragraph . 


The  performance  of  the  container  materials  during  the  project  shows 
that  realtime  outdoor  testing  is  a  viable  and  low  cost  means  to  screen 
materials  for  suitability  in  ammunition  container  packaging  applications.  An 
ongoing  realtime  test  program  integrated  with  a  materials  qualification 
program  for  packaging  materials  intended  for  longterm  use  should  be 
considered.  Using  this  approach  a  materials  database  would  be  developed 
which  could  serve  as  a  materials  selection  guide  and  as  a  reference  for 
evaluating  accelerated  test  results.  Container  manufacturer,s  would  be 
required  to  select  materials  from  a  qualified  materials  listing  and  submit 
test  and  evaluation  sample  materials  prior  to  production  or  changing 
fonnulations  for  production  use.  A  similar  approach  could  be  used  for 
changes  in  manufacturing  processes  and  conditions. 

The  accelerated  test  results  reported  shov;ed  two  areas  that  must  be 
addressed  by  the  test  plan.  First,  typical  Hil-Std-810  and  state-of-the-art 
accelerated  tests  do  not  necessarily  accelerate  effects  v/hich  can  be  modelled 
to  a  realtime  base.  This  is  particularly  true  for  Mil-Std-810  testing  which 
generally  cover  less  than  one  month  of  realtime  even  when  conducted  24  hours 
per  day.  The  potential  for  misleading  data  are  seen  by  comparing  the  results 
of  the  laboratory  accelerated  tests  conducted  on  the  HDPE  materials,  which 
were  found  to  exhibit  a  failure  near  the  end  of  the  induction  period,  to  the 
realtime  outdoor  tests. 

The  second  area  to  be  addressed  by  the  test  plan  is  the  selection 
of  appropriate  test  conditions  and  measurement  techniques.  The  importance  of 
this  area  is  seen  by  comparing  the  performance  of  the  HDPE  and  the  rein¬ 
forced  polyester  materials.  Both  materials  exhibited  a  visual  change  as  a 
result  of  several  of  the  exposure  tests  which  intuitively  suggest  that  the 
functional  performance  of  both  materials  was  detrimentally  affected  by  the 
exposure  testing.  The  degradation  of  M2A1  container  material  could  not  be 
measured  and  related  to  a  structural  property  change  for  the  duration  of  the 
tests  conducted.  This  implies  that  either  the  wrong  measurement  technique 
v/as  used  or  that  the  material  was  degrading  at  a  slower  rate  than  the  HDPE 
under  the  same  conditions.  In  this  latter  case  accelerated  testing  of  the 
M2A1  container  material  must  use  different  accelerated  test  conditions  or  be 
subjected  to  a  longer  test  in  order  to  model  performance. 
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Further,  rince  the  test  data,  normalited  to  a  time  at  temperature 
scale  cr  to  ?r  ultraviolet  fluence  scale,  Ehov;ed  promise  for  the  development 
of  performance  rre  diction  models,  it  is  likely  that  the  use  of  tyi^ical 
temperature  du’  ■  cycle  tests  v;ould  have  caused  less  degradation  than  the 

constant  con  ests  used.  This  conclusion  is  made  since  the  test  items 

v;ou]d  not  ha\ nt  a.s  long  a  period  of  time  at  maximum  temperature  in  a 
cyclic  test. 

ll.aterials  degradation  is  often  related  to  diffusion  processes.  In 
ordo)  to  obtain  the  required  accuracy  for  the  lifetime  and  performance 
prediction  models  resulting  from  accelerated  tests,  the  tests  must  be 
conducted  near  the  service  temperature.  This  requires  a  tradeoff  of  test 
time,  or  acceleration,  for  accuracy.  This  is  particularly  important  for 
material.s,  such  as  HOPE,  used  in  a  thick  cross  section. 

This  same  test  philosophy  relates  to  functional  testing  such  as 
moisture  vapor  transmission.  The  study  of  the  logistics  chain  environment 
shows  a  broad  range  of  conditions  v/hich  are  characterized  by  average  features 
of  temperature,  moisture,  and  solar  radiation.  The  response  of  materials  and 
items  to  a  range  of  conditions  over  a  long  period  of  time  results  in  a  range 
of  performance  levels  dependent  on  the  conditions  that  actually  occur.  Thu.s, 
a  sampling  plan  to  provide  a  statistical  base  for  performance  prediction  over 
the  range  of  environments  must  also  be  developed. 


6.5  155mm  Propelling  Charge  Container  and  M2A1  Small  Ammo  Container 

Test  Status 


6.5.1  155mm  Propelling  Charge  Container 

Test  procedures  and  performance  prediction  models  were 
developed  for  the  155mm  Propelling  Charge  container  material  and  for  the 
container  item.  Tlie  material  performance  model  covered  a  range  of  environ¬ 
ments  and  was.  extended  over  a  thirty-year  period.  By  nature  of  the  fact  that 
only  several  containers  were  tested  and  material  performance  v/as  evaluated 
over  a  short  period  of  time,  the  accuracy  of  the  models  cannot  be  determined. 
Further,  no  limits  of  acceptability  for  container  material  performance  or 
moisture  gain  have  been  established.  Therefore  the  true  end-of-life  cannot 
be  identified  from  the  models. 

These  shortcomings  provide  the  starting  point  for 
improving  confidence  in  the  test  approach  and  the  models  developed. 

Obviou.sly  many  more  containers  must  be  tested  to  confirm  the  models  and  to 
quantify  inherent  performance  variability.  The  results  of  this  project 
suggest  that  testing  could  be  accomplished  in  a  relatively  short  period  of 
tim'"'  which  v/ould  prove  the  models  for  th--  extreme  environments  of  the 
logistics  chain. 


Concurrent  v/ith  this  recommended  additional  effort  is  the 
definition  of  performance  limits.  The  material  performance  models  could  be 
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proven  ueing  test  items  subjected  to  the  recommended  additioiiol  tests. 

I'  sture  gain  acceptability  could  be  established  by  testing  the  metal 
containers  current] y  in  production. 

The  approach  taken  during  this  project  used  actual 
'■cntainer  items  as  test  specimens  and  applied  test  results  to  the  Arrhenius 
equation.  In  order  to  determine  the  effect  of  manufacturing  processe.e  and 
thermal  history  on  the  performance  models,  the  activation  energies  of  the 
contain'^r  material  must  be  accurately  determined.  Concurrent  v;ith  this 
effort  should  be  the  evaluation  of  engineering  propertie.';'  .such  ci?  impact 
resistance  and  tensile  strength. 

The  weight  of  loaded  containers  and  the  palletization 
schem'^'  intended  for  the  containers  suggests  the  long-term  effects  of  the  seal 
on  the  container  material  should  also  he  studied. 


6.5.2  H2A1  Small  Ammo  Container 

The  M2A1  container  and  container  material  were  subjected 
to  tlie  same  exposure  test  procedures,  used  to  evaluate  the  155mm  Propelling 
Charge  container.  As  noted  previously,  a  rnodelable  degradation  could  not  be 
measured.  The  nature  of  the  degiadation  ho^7ever,  could  adversely  affect  both 
strength  and  moisture  vapor  transmission  propertie.s.  Thus,  the  test  status 
for  the  lf2Al  container  and  its  materials  i.S'  less  advanced  than  for  the  155mrri 
Propelling  Charge  container. 

The  starting  point  for  further  testing  of  the  tl2Al 
container  v;ould  be  to  determine  the  effect  of  .surface  degradation  on 
structur.al  properties  such  as  impazt  re.sistance.  If  it  can  be  sho^m  that  the 
container  retctins  functional  integrity  even  v;ith  ci  considerable  degree  of 
fiber  bloom,  then  additional  test  efforts  should  involve  conducting  longer 
duration  tests  in  order  to  reach  the  rate  controlling  stage  of  the  maters .al'sj 
degradation.  The  other  additional  te.st5  and  comments  described  in  paragraph 
6,4.1  for  th^'  155mm  Propelling  Charge  Container  also  apply  to  the  M2A1 
container. 


(THIS  P/iOf  Iff!  6'-^'"') 
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Slinm  MORTAR  ROUND 


U.S,  ITEH  HUHAGER  tOYftl  OaPHANCE  HEU  HAHftGER 

Hr,  frank  Uoodard  Cr.  Richard  Smith 

MCCOH  lehpnone  (02)  913'2211,  ext. <040 

Defense  Ammunition  Directorate 
Telephone  (  309  )  •/8:-3261 


aP  =  Armor  Pitrcins 

OS  :  OlSCIrOln;  SAbOt 

rs  r  rin  StAbilirea 


KEY 

HLAT 

WP 

HEP 


s  Ki9h  Explosive  Anti'T«nk 
=  Vhite  Phosphorous 
:  High  Explosive  Plittic 


LOAD  PLANT 

roya:.  ordnance 

GlASCOEO,  wales,  3W/S1 .SN 

longhorn  army  ammunition  plant 

MARSHALL,  Tx 
9  4  V  /  3  2  N 

government  OWNEO/COHTRACTOf! 
operation  (THIOKOLf 
PINE  eLUPF  ARMY  AMMUNITION  PLANT 
PINE  eiUFE  ,  AR 
92W/3<H 

GOVERNMENT  OWNcD/OOVERNhENT 
OPEfiATEO 

CONTAINER  PART  OF  CONTRACT 


The  round  is  picked  on  the  Assembly  line 
IB  A  pint  of  the  loidin9  procedure.  The 
Iritish  HE  round  is  picked  one  per  pUstic 
contiiner  ind  three  plistic  containers  per 
steel  box.  U.S-  produced  1 1 1 unii ni 1 1 on  me 
iiRoke  rounds  ire  picked  one  per  liber 
contiiner  ind  three  fiber  containers  per 
wooden  pox.  There  is  no  moisture  te8tin9 
requiregents  it  picking  (see  MSG  PMAmmo 
Log  2410302  Feb.  contJiners  ire 

pilletwed  for  shipment/lS  boxes  per 
pallet.  Short  term  storage  it  loid  plint 
(up  to  one  (1)  year)  is  possible.  Items 
ire  shipped  prininly  by  nil,  some  by 
truck  to  port  of  embirkitic-n.  More  thin 
25t  of  production  goes  to  wir  reserve  with 
EOl  going  0C0NU9  . 


HIGH  explosive • 
Illumination  : 

SMOKE 


U.S.  PRODUCED  ROUNDS 


30t  OF  PROOUCTIOH 
FOR  OCOHUS 


70t  OF  PROOUCTIOH 
FOR  OCONUS 


_  _ 

PORT  OF  D£ 

VEST  C 
CONCORD,  Cl 

ocean  vessel 

(HILVAN  OR  1 

BARKATIOM 

OAST 

122v/3eN 

TO  east 

R  E  A  K  6  m  K  ) 

PORT  OF  0 

FAR 

PUSAN,  S.KOR 
( TRANSPORT 

TRUCK  TO  STO 

OARtATlON 

AST 

A  ,  1  2  9  E  /  3  S  N 

0  6V  RAIL/ 

tACE  SITES! 

J 

BRITISH  PRODUCED  (HE) 


PERNARENI  STORAGE  AREA 

CAMP  HUMPHRIES,  S.AOPEA 
VlCiHlTY  or  U100HG8U,  127E/37H 
EARTH  COVERED 
CONCRETE  BUHKERS 
kUILT  IN  ACCORDANCE  WITH 
OOD  S  1  00  .  7  S-M 
SIMILAR  STORAGE  SITE  IN 
VlClNlTv  or  TAEJON,  127E/36H 


PORT  OF  EA6ARKATI0II 

EAST  COAST 

SUHNV  POINT,  SC  80W/3?N 
OCEAN  VtSSEL  TO  EUROPE 
(Ml  IVAN  OR  BREAk  dULK  ) 


PORT  OF  DEeARKATlOK 

EUROPE 

NORDENNAM,  OERMAHY 
HOR7HSEA  lt/S3N 
TRANSPORTED  BY  RAIL 
TO  HIESAU 


PERKANERT  STORAGE  AREA 
KIlSAU  weapons  STORAGE  SITE 
MIESAU,  V.CERKANY,  IE/49N 
30KM  SW  KAISERSLAUTEN 
EARTH  COVERED 
CONCRETE  8UHRERS 
8UUT  IN  ACCORDANCE  WITH 
OOD  S100.76-M 


Iteis  ire  generilly  in  i  ship  hnlo 
envirbnment  --  dry  with  seiled  hitches  for 
up  to  3  diys  during  shipment  to  Germany  ind 
up  to  19  diys  during  shipment  to  South 
xorei.  Items  may  remiin  m  port  for  up  tc 
7  days . 


Unprotected  storage,  if  my,  will  probihly 
be  at  the  Hiesiu  site  in  Europe  and  at  the 
Taejon  site  in  Korea  since  the  preposition 
stock  sites  are  m  territory  subject  to 
espionage  activity.  The  basic  load  of 
mortar  ammunition  is  kept  in  boxes  in 
bunkers  (on  pallets)  or  on  vehicles.  The 
basic  load  that  is  kept  on  vehicles  will  be 
kept  in  packs  but  protected  by  canvas  or  in 
the  case  of  mechanized  divisions,  in 
armored  personnel  carriers.  Unlike  tank 
rounds,  mortar  rounds  are  not  broken  out 
until  needed  for  firing. 

Average  length  of  storage  for  mortar  stocks 
IB  IS- 20  years. 

Stockpile  testing  schedule: 

<5  years  old  2  year  cycle 
>%  years  old  ILL  (3  years) 

>mukc  (S  ycAis; 
he  unfuspd  (S  yearsj 

Containers  undergo  care  and  preservation  by 
►  w*  xeint'^nance  personnel  after 

inspection  in  accordance  with  SB  742*1. 
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2.75  IN.  ROCKET 


ITEM  MANAGER 
BEV  SWANSON,  AMCCOM 
TEL  (309)  782-4290 


kockfti  trt  pickts  on  tnr  tiitiply  lint 
II  pint  of  thi  loiOin]  proceourt;  ont 
ptr  tiber  contiintr  ino  four  (4)  fibtr 
contiintri  ptr  woootn  box.  voootn 
boitt  trt  pillttiitO;  <1  boxtt  ptr 
pilltt  ihbrt  ttra  itorift  it  loiO  plint 
prtttntl)  toti  net  tiotto  to  Oiyl. 
tnippto  fro*  loiO  plint  to  port  of 
tcbirkition  by  nil  or  truck.  (Ot  of 
production  goti  OCOkUt. 


IttBi  irt  gtncrilly  in  I  Ihip  hold 
tnvironstnt  --  dry  vitb  itiltd  bltcbci 
for  up  to  1)  diyi  during  thipBtnt  to 
ttrainy  ind  up  to  It  oiyi  during 
tbipitnt  to  $.  Korti.  Itiii  aiy  rtiiin 
in  port  for  up  to  7  diyl.  High 
ttaprriturt  mo  high  huaidity  oonei. 
tioni  oould  occur  if  i  touthtrn  route 
id  tiktn. 


vith  tht  idvtnt  <f  the  ii'atd  Htlicopltr 
concept,  the  i.l\  Pocket  hm  bteoat 
auch  aort  in  dtaind  ind  ii  not  itorto 
in  grtit  guintity.  Tht  prtitnt  itock- 
pilt  id  tilted  trtry  ytir  (ticn  t/pti 
•  0  thit  I  pitttrn  of  rtl’ibility  cm  be 
dtttraintd.  Tht  frrgutncy  aiy  chingc 
liter  rtliibility  ii  dtttraintd. 

tontlintri  undergo  cirt  ind  prtitrvi- 
tion  by  the  laaunition  aiinttr.mct 
ptrionnil  iftir  iniptction  in 
iccordinct  with  tt 712 - 1 . 


5 . 5G / V . 62mm 


SMALL  CALIBER  ROUNDS 


ITEM  MANAGER 
Dick  Green 
AMCCOM 

Tel  (309)  ■’82-3150 


LOAD  PLANT 

LA>C  i:n>  *PMY  AMrtUHniON  PLArtf 
IHOEPEnOENCE ,  MISSOURI,  94.Swy39N 

GOvtRNHENT  0  WN  E  D  /  C  0  NT  fi  A  C  T  UR  OFIRATlCi 
(OUN  •*  talHi.Sf<T£R) 

CONTI ;N!ft  PART  OP  contract 


30t  OF  PfiOOUCTION 
FOR  OCOMUS 


FORT  OF  EIBARMTIOH 

WtST  CClAvT 

CONCORD,  CA  l??V/3eN 
CCIAN  V!S<£1  TO  fio  El<T 
(MILVAN  OR  8R£AN  8UP 


PORT  OF  OEBARUTION 

FAR  EAST 

PU&AN  .  S  .  ^0R£  A  ,  USE  /  TSn 
(TRANSPORTED  8r  PAU/TRUCS 
TO  STORAOE  SITES) 


pehnaneiit 

ST0I!A6E 

C  AHP  NUMPHRI E  % ,  S .  KONE  i 
vicinity  or  UI00NG5U.  U7E/3TN 

EARTH  COVERED 

CONCRETE 

eUNKERS  lUIlT 

IN  ACCORDAXCE 

W  1  TH  DOO  5 100 

.  7e-M 

SIMILAR  STCRICr  SITE  VICINITY 

or  TAEOCH,  \2 

7  E  /  3  6  N 

r 


?0t  OF  PRODUCT), OR 
FOR  OCONUS 


PORT  OF  EMBARKATION 

EAST  COAST 

SUNNY  POINT.  SC  80V/33N 
OCEM  vf<$Ci  T^  CAR  E*ST 
(HUVAN  OR  NRSAi*  dUlK) 


PORT  OF  DEBARKATION 

EUROPE 

NORDENNAM,  CEAHaNV 
HOrTHSEA,  AE/S3M 
,  Ti^nSPOPTEC  OY  RAU  TO 
M I  f  S  A  U  ! 

1 - 


PtUftAKEKT  STORAGE  AREA 


MfEr.AU  VPNS  STOPAcE  site 

VIFVAU,  W.  CtriMANY  PE/ISM 
iOFH  SV  KAiSEPSlAUTEN 
:aP.;<  COVEREiJ  tO<?CfirH 
dOWi'EPS  SUI'.T  iK  >C',CRPANCr: 
klTh  f;90  SICO.U-H 


Th»  Rounds  ir?  pickM  on  th^  issfAfliy  line 

i£  ti*t  i*  trie  1010109  prcceaure  Toe 
S.S6»i»  ljn<  IB  lotill/  lutomitco  ca*/ 

»4t?ci4\6  to  ?»KHn9  in  container.  S.Sfmm 
Afe  put  in  fieiil  h2ai  container*.  The 
line  is  only  pirtiiU>  iutomated. 

TNnv  ire  Picked  i  ri  eietlj  V?AJ  or  Wi9 
contAiners. 

T%c  metal  containerY  srr  yacited  in  <  t^irr 
wrapped  wooden  tox.  soin*  wue  wraps  have 
four  (4)  »etal  cor. tuners,  wire  wrapped 
boxes  are  pallet «S  boxes  per  .callei 
short  term  Rtorai;e  it  lose  plant  (jp  to  one 
year)  is  possible,  JtetAS  art  shipped  Erom 
load  plant  to  port  of  embs  •‘K 1 1 1  on  by  rail  or 
truck.  More  thin  TS^  nf  ptoduction  jee!  to 
war  reserve,  with  40K  goin^  OC.ONUS. 

ItemB  are  jenenliy  in  a  ship  htio 
environment  dry  with  sealed  hatches  for 
Up  to  J 1*  n«Y5  QJMn9  shipment  to  Germany 
up  to  U  days  durio)  shipment  it  S.  Kcrea. 
Item?  *4/  remain  in  port  f  o ''  up  to  7  days. 

Ditvf  luAds  ot  syiill  arms  in^u.ntion  are  kepi 
j. n  containfr^  ar. d  jr,  protected  storage  Sitefl 
until  required  lor  comt-At.  It  is  the 
philosophy  and  polity  nf  ti)e  befensf 
A»Tunitjon  Oirjrtor  and  .tMCCOH  that  new 
P*o6vction  ire.wc  xre  put  jnrr  ujr  reserve 
stocks  end  old  at.  ockc  rnlfteo  Ujl  to  *.  hr 
tfii»tir.’j  sto;Vi,  Thi3  le  co*NOi)  p’-avUc-, 
DUT  i.Y  lr»t  up  in  iheAtrc  cociPfiMder  as  to 
}to  imp  lent  ■‘tatiOD. 


I V  t  r  .1  g  d  1 T-  »i  3  Y  0  1  1 1  0  r  a  g  •:  ter  s  m  a  1 1  a  r  5  Ki 
ref. f  've  stocks  at  the  prunf’t  tin-e  is  U-dD 
y  e  A  r  f . 


1-  10.'/  i>ur\  ^WYSiinitio.n  storkpile  tested 

tvery  s  7  0 CCS. 


Cortiine-’e  undcr(jc  catc  ino  p-CBcrvition  by 
the  jfcmjniticn  riinttrinro  ferBC'.''nrl  ^fter 
i  r.  s  p  f :  t  i  0  r.  .\  t'  a  c  c  o  f  d  i  r.  c  e  »/ 1 1  h  S  g  7  <  .■?  -  I  . 
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105mm  TANK  ROUND 


ITEM  MANAGER 
Mr.  Frank  Woodard 
AMCCOM 

Defense  Anunition  Directorate 
Tel  (309)  782-3261 


111 


HP  I  *r«or  Utrcing 
:  OiKirding  Sitot 
F$  I  Fin  Stibiliztg 


KCtT  :  High  [iploiiFi  Ahti-Tink 

Vh  I  Hhit*  hhoiphoroui 

HtF  :  High  tipioiivf  Pliitic 


Tht  round  i«  pichtd  on  tht  ttttiblir  lint  ii  •  pirt  of  thi  looping 
proctduvt.  Poundo  art  picktd  ont  ptr  (ibtr  tubt  ind  two  fibtr  tubti  ptr 
woodtn  bor:.  If  ntv  *0101  contointri  with  iqutrt  lupporti  ore  uitd  ,  thrrt 
will  bt  ont  fibtr  tubt  ptr  ittol  oontiintr.  Thtrt  io  no  Boioturt  ttiting 
rtguirtitnt  it  pocking  (MSC  phoHmO  log  2410302  Ftp  it).  Contointrt  ort 
pollttiztd  for  ihipatnt,  IS  booti  ptr  polltt.  Short  ten  itongt  at  load 
plant  (up  to  ont  (I)  7ttr)  ii  poioiblt.  Ittaa  art  thipptd  priiariljr  bjr 
rail  (aoat  in  Hilwan),  toat  b;  truck  to  port  of  tibarkation.  Hort  than 
7Sy  of  production  goti  to  wart  rtetrrt  with  tO\  going  OCONUS. 


Ittia  art  gtntralljr  an  a  ahip  hold  tnrironatnt  --  dry  with  ataltd  hatchta 
for  up  to  13  daya.  Ittaa  aay  rtaain  in  port  for  up  to  7  daya. 


ISS  of  the  atook  it  atorto  htrt  of  in  prtpoaition  supply  pointa  (PSP)  in 
y  corps  or  yll  Corpti  ISt  of  this  stock  is  carritd  at  a  batic  load  on 
cankt,  out  of  conttintrt,  in  rtidy  rackt.  Psri  art  of  tht  laat 
conitruction  to  Mititu. 

The  stocks  at  Mitsau  art  ntttr  inttndtd  to  bt  out  of  bunktr  ttoragt,  but 
if  thtrt  it  to  bt  a  two-ytar  unprotcettd  itoragt,  this  would  bt  tht  plact 
to  coniidtr  since  the  PSPt  art  kept  in  bunktr  ttoragt  for  both  wtathtr 
ahd  itcurity.  Tht  priat  contidtration  it  ticurity.  Tht  tank  carried 
batic  Ittd  l3  ttttr  litttdtd  ta  |t  back  Ittt  pr t tt ct id  /  It  a  I  td  tlirtie. 

It  is  riaotto  froa  the  tanki  onct  a  year  for  approkiaattly  two  wttkt  and 
placed  in  tiaporary  ttoragt  at  the  training  site  and  returned  to  the 
tanka  after  coiplttion  of  training  firingi.  It  it  iniptettd  aach  tiae 
and  rtnoeated  at  niciitary. 

Tht  PSP  entironarnt  thould  bt  contidtrtd  in  araao  liaited  to  longitudes 
tt  thru  12t  and  latitudes  ItH  thru  S2H. 


artragt  length  of  ttortge  at  preatnt: 


Llt-Original  aPDS  --  britith  Made  (S7/it)  20  yttri 
HI74  •-  V.S.  Made  10  years 

MOti  --  U.S.  Hade  (luat  in  production) 

tt  biliary 

Stockpilt  tilting  tchidult: 


IP  S  WP 
HIP 

APFS,  HEAT,  APPF  >  5  years  old 
<  I  ytirt  old 


S  year  cycle 
a  year  cycle 
S  year  ryelt 
2  year  cycle 


Contaiiitra  undergo  care  and  priitmtion  ipiintino.  itc.)  by  laiunition 
aaintcnanci  pertonntl  in  accordanet  with  inipiction  proetdurt  tl-742-1 


The  orirwhilaing  pnponderanct  of  iraor  and  atchanired  diriiioni  in 
iuropt,  take  thii  tneironatnt  ont  to  bt  coniidtrtd  for  the  lOSta  tank 
round.  Far  East  invironatnti  hayi  thr  iiat  logistici  at  the  tita  aortar 
round . 
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155mm  PROPELLING  CHARGE 


ITEM  MANAGER 
Gerry  Price,  AMCCOM 
Tel  (309)  782-3358 


LOAD  PLANT 

IM&IJLNJL  A»HY  ammunition  »11NT 
CKaPlESTOvn,  INOIANa 

wOVERHMEK^  OWKrO/^HTftACTOR  OPERATED 
(  1 C 1  AMERICA,  I  HC  .  ) 


I  CONTAIKER  PART  OT  CONTRACT 


20%  Of  PfiOOUCllON 
FOF  0CCHU3 


— ,  80%  Of 
PRODUCTION 
FOR  OCONUS 


PORI  OF  i 

WEST 

CONCORC .  C 
nrriw  v»S<f 

( H 1 L  ViN  OR 

XBARUTIOK 

COAST 

A  IWV/3BK 

I.  T  n  t  A  6  E  A  <  T 

8REAK  BULK  1 

PORT  OF  ENBRRKMIOH 

EAST  CtaST 

SUHHY  POINT.  SC,  •0V/31K 
OCEAN  vfssfi  TO  ruftOPf 

IHUVAN  OR  efiEAK.  lUlK) 

_ 

PORT  OF  DFRARUTIOA 

PORI  Of  OEBARtATlOH  I 

f  AR 

EAST 

EVRCPl 

PUSi H .  S .  KOREA,  1  ?9E  /3SN 

MOfk&E  kkaH 

GERMANY 

(•"rahspopted  to  rail/ 

kOPTKSE  A 

•  f /S3M 

TRUCK.  TO  STORAGE  SITES) 

(iRANSPOPTEO 

or  HaH  to 

1 

HIESAU* 

L  . 

. J 

1  PFRNANENT 

SIORRGE  AREA 

PFRUNUT  ST0RA6E  AREA 

1  tlHf  HUMPMP  Its,  S  ,  IfORE* 

MI[$U‘  VEiPOMS  STOR«Cl  SITE 

VICINITY  Of 

U  I  .70NGBU  , 

KIESAU,  V.  CERKANY,  IE/I9N 

127'- /27N  eapth  covepe: 

30KH  iV  KAISERSIAUTEH 

concrete  lUkKERS  BUILT  IN 

EARTH  COVERED 

COHCftETE 

I  A  '  C  0  p  C  A  N  L  E 

WITH 

sinrcss  Bum 

IH  aCCpRUANCE 

loot  S  ) 0  C  -  7  6 

■  M  ,  1  K  I  1  A  P 

WITH  OOU  i 1 uo 

,  7b  -M 

UtoPACC  site  VKlNjTr  OK 

j  1  A  E  J  0  N  ,  w  7 

L _ 

.  /  3  bN 

i 

The  chirgcA  Are  pACAfO  in  contiiner*  as  pirt  of 
lOAfling  plant  iBsrnbly  line  process.  There  A-e 
teveral  Models  of  propellins  chirges.  however, 
since  111  ire  hinOlefl  timilirly.  The  single 
chirge  contAinerj  ire  uieo  as  the  model.  The 
charge  is  vrippeo  with  a  single  face  corrugated 
fiberbtiPO  ifiO  inserted  into  i  cylindrical 
steel  container.  The  cover  for  the  container 
contains  a  rubber  gasket  for  sealing  the 
container  against  moisture.  There  is  i.o 
moisture  testing  reQUirementi  at  packing  (see 
MSv  PH  AHHO  100  211030:  FEB  S6).  The 
containers  are  then  palletized.  The  present 
'■Ouno-end  containers  are  palletized  per 
pallet  and  the  proposed  squire  enci  container 
will  have  ii  per  pallet.  Short  term  storage  at 
load  plant  (up  to  90  di,  >  if  possible.  Items 
are  shipped  by  rail  or  truck  to  port  of 
emParkition.  More  than  TSt  Of  production  goes 
to  war  reserve  with  feOt  going  OCONliS. 

Items  are  generally  in  a  ship  ho.'  environment 
cry  with  realtd  hatches  for  up  to  13  diyt 
during  shipment  to  cerminy  and  up  to  H  days 
during  shipment  te  S.  Korea.  Items  may  remain 
in  port  up  to  7  days . 


ISt  of  stock  IS  carried  with  the  units  as  basic 
load.  It  II  kept  in  metal  containers,  either 
under  canvas  or  in  the  accompany)  rig  light 
armored  vehicle  or  on  the  self-propelled 
Howitzer  itsel*.  The  charges  are  not  broken 
cut  of  the  metal  contiiner  until  needre. 
Propelling  charges  are  not  normally  storeo 
outside.  If  unprotected  storage  is  to  be 
considered,  it  should  be  in  the  Hieiiu  weapons 
storage  area  environment.  PSR  environment 
should  be  considered  in  areas  limitee  to 
longitudes  ii  thru  WE  and  latitudes  aSn  thru 
SJH  . 

The  average  length  of  storage  is  lO  to  iS 
years.  Stockpile  testing  is  conducted  on  i  a- 
to  S-yeir  cycle  based  on  history  o* 
rtlirbility.  Care  and  preservation  performed 
at  required  in  accordance  with  irspection 
proctjjre  SI  TC?-).  Empty  containers  ire  not 
leturneo  from  OCOktv. 
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APPENDIX  B 


KHl-iTSTICa  CHAIN  CLDiATE  DATA 
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TAEJON.  SOUTH  KOREA 


Locat i on : 


36N,  127K 


E]f;vat  ion  : 


About  60  m  (About  200  ft)^ 


is  Jooatefl  in  west  central  Soutli  Korea  approximately  130  km  (93  nii)  south  of 
'•leou.i  .  The  estimated  averap.e  temperature  is  ll^'C  (52°F).  the  estimated  average 
■eJaiive  iwuridity  is  69%,  and  the  estimated  average  annual  precipitation  is  133  cm 
[b2  in).  The  estimated  highest  and  lowest  tempei-at ures  recorded  during  a  22  year 
period  a.'..,-  37''(;  (99“!')  and  -24°(:  (-12°1').  resp(!c;t  i  ve  1  y  ,  ^ 


Acg.  Temperature 


R.H. 


Total  I’reci(j.2  Avg.  Daily  Ratliation^ 


Max  . 

Min. 

Mean 

b 

(cm) 

(ill) 

(MJ/m2  ) 

(BTlL'fi; 

0  o 

F  “C 

'•  O 

F 

.Inn  . 

0 

32 

-9 

15 

-5 

24 

65 

2.7 

1  . 1 

7.5 

663 

Feb. 

,3 

37 

-7 

20 

-2 

29 

62 

3.0 

1.2 

10.3 

906 

Mar  . 

8 

47 

-2 

29 

3 

38 

62 

4 .3 

1  .  7 

12,5 

1097 

Ajir . 

17 

62 

5 

41 

11 

52 

65 

9 . 5 

3 . 7 

14.7 

1292 

May 

22 

72 

1  1 

51 

17 

02 

69 

9 . 2 

3.6 

16,3 

14  55 

.’ulll' 

27 

30 

16 

01 

71 

71 

37.3 

6.8 

17.7 

1562 

Jill  V 

29 

64 

21 

70 

25 

77 

79 

33.2 

13,1 

14,2 

1254 

Aug . 

31 

67 

22 

71 

27 

79 

76 

26 . 0 

10,2 

14 . 1 

1238 

Sep, 

26 

78 

1.5 

59 

21 

69 

72 

15.5 

6,1 

12.8 

1131 

Of  t  . 

19 

67 

7 

4." 

13 

50 

6.9 

4 ,9 

3  .9 

10,7 

938 

Nov . 

11 

.51 

0 

32 

6 

42 

66 

4.4 

1  .7 

6,8 

600 

Dec  , 

3 

37 

-7 

20 

-2 

29 

66 

3.2 

1  ,3 

0.3 

556 

TOTALS 

133.2 

52,4 

AVERAGES  16 

61 

6 

43 

1  1 

52 

69 

12.0 

1053 

^ Tempo 

rature 

data 

f 

roni  World 

Cl  ima 

tie  Data 

.  Fi  fKle 

lick  L. 

Wei'iistcdt 

.  Cl  inert 

I’ress , 

1972 

( Asi; 

Library ) 

contains 

averat^fr 

da  i  ly 

temperature  data 

for  82  S 

Korean  locations.  Unfortunately,  Taejon  is  not  one  of  them.  Data  from  five  cities 
within  50  kni  (31  mi)  of  Taejon  are  listed  below  along  with  data  for  Seoul,  150  km 
(93  mi)  north  of  Taejon. 


AvtU’age  Daily  Temper  atur 

jr 

J 

F 

M 

_A_ 

M 

,) 

.1 

A-. 

S 

0 

N 

D 

Coch i won 

-4''(; 

-2°  C 

4  °  C 

1 1  "C 

]6°(; 

2l'’f: 

25  °(; 

20  °(: 

20  "C 

13°C 

6  °  (■ 

~  1  °  c; 

24'-'L 

29  °F 

39°  F 

5  ri-' 

62  °F 

70°F 

77°  F 

78  °F 

68  °F 

56  °F 

43°  F 

3  1  °  F 

Kong  i u 

“4  =  0 

- 1°  C 

5°C 

1 1  °(; 

17°U 

22°(; 

20°  C 

20  °C 

20  °C 

14°C 

7°(: 

o°(; 

26°  L 

3 1  °  F 

40°F 

52  °[ 

63°!’ 

72°K 

79''F 

79 ‘'F 

69  °F 

57  °F 

44  °F 

32  °F 

Nonsan 

-  3 C 

0"(; 

5  "  C 

1 2 "  C 

1  6°(; 

22°(; 

20°  C 

27°i 

21  “C 

14°(; 

1 1°  C 

1  °i: 

27  °F 

32'’ F 

42°F 

53  °F 

04  °F 

72°!' 

79°  F 

80  °F 

70  °F 

57  °F 

51°! 

34  “  F 
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Average  Daily  Temperature 


J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

Muju 

-4°C 

-2°C 

4°C 

11°C 

17°C 

21°C 

26°C 

26°C 

19°C 

13°C 

6°C 

0°C 

25°F 

29°F 

40°F 

51°F 

62°F 

71°F 

78°F 

78°F 

67°F 

55°F 

43°F 

33°F 

Poun 

-4°C 

-2°C 

4°C 

11°C 

16°C 

21°C 

25°C 

26°C 

20°C 

13°C 

6°C 

-1  °C 

25°F 

28°F 

39°F 

51°F 

62°F 

70°F 

78°F 

78°F 

68°F 

55“F 

43°F 

31°F 

Seoul 

-5°C 

-2°C 

4°C 

11°C 

16°C 

21  °C 

25°C 

25°C 

20°C 

13°C 

6°C 

-1°C 

23°F 

29°F 

39°F 

51°F 

61°F 

69°F 

76°F 

78°F 

69°F 

56°F 

43°F 

30°F 

This  data 

would  indicate 

that 

temperature 

data 

for  Taejon  i 

would  be 

very 

similar  to  Seoul 

The  data  reported  in  the  table  is  for  Seoul  {elevation  87  m  [285  ft],  37°  34'N,  126° 

58'E)  from  p.  281  of  World  Weather  Guide .  E.  A.  Pearce  and  C.  G.  Smith,  N’ew  York  Times 
Book  Company,  193-1  {ASU  Library).  The  average  and  extremes  for  temperature  and  humidity 
are  based  on  a  22  year  period  ending  in  1980.  The  mean  daily  temperature  was  taken  to  be 
the  average  between  the  maximum  and  minimum  temperatures.  Humidity  at  Seoul  was  recorded 
at  0530  and  1330  hours.  The  humidity  reported  is  an  average  of  these  two  values. 

2  The  five  locations  within  50  km  (31  mi)  of  Taejon  listed  in  explanation  (1)  above  report 
the  following  average  monthly  precipitation. 


Average  Precipitation  by  Month 


ciix 

J 

F 

M 

A 

M 

.1 

J 

A 

S 

0 

N 

D 

Cochiwon 

1 . 9cm 

2 . 3cm 

3 .  Ocm 

6 . 4cm 

7.2cm 

1 1  . Ocm 

32.1cm 

19.8cm 

12 . 4cm 

3.4cm 

3 . 5cm 

2.7cm 

.  8in 

.  9in 

1 . 2in 

2 . 5  i  n 

2 . 8  i  n 

4 . 3in 

12.6in 

7  .  Sin 

4 . 9in 

1  .3in 

1 .  4  i  n 

1 .  lin 

Kongju 

2.7cm 

3 . 0cm 

4 . 3cm 

9 . 5cm 

9.2cm 

1 7 . 3cm 

33 . 2cm 

26 . Ocm 

15 . 5cm 

4 . 9cm 

4 . 4cm 

3 . 2cm 

1  .  1  i  n 

1  .  2in 

1  .  7in 

3.7in 

3.6in 

6 . 8  in 

13. lin 

10.2in 

6.  lin 

1 .9in 

1  .  7in 

1 . 3  i  n 

Nonsan 

2  -  1cm 

2 . 0cm 

3.5cm 

8  ,  Ocm 

8.0cm 

15 . 8cm 

28.0cm 

24 . 2cm 

13.4cm 

4 . 4cm 

3 . 8cm 

3 .  Ocm 

.  8  i  n 

.  Sin 

1 . 4  i  n 

3 . 2in 

3 . 2  i  n 

6 . 2  i  n 

1 1 . 0  i  n 

9 . 5in 

5 . 3  i  n 

1  .  7  i  n 

1  .  Sin 

1 . 2in 

Muju 

2 . 4cm 

2 . 9cm 

4  .  Ocm 

7.7cm 

7 . 6cm 

16 . Ocm 

24 . 5cm 

20 . 2cm 

1 3 . 6cm 

4 . 2cm 

4.1cm 

3 .  .3cm 

.  9  i  n 

1  .  1  in 

1 . 6  i  n 

3 .  Oin 

3 .  Oin 

6.3in 

9.7in 

8 .  Oin 

5 . 4  in 

1  .  7  i  n 

1 . 6in 

1  .C  . 

Poun 

2 . 3cm 

2 . 6cm 

4 .  Ocm 

8 . 5cm 

8 . 4cin 

15 . 8cm 

30 . 5cm 

20 . 5cm 

12.5cm 

4 . 3cm 

4 . 4cm 

3 .  Ocm 

.  9  i  n 

1 . 0  i  n 

1 . 6  i  n 

3 . 4  in 

3 . 3  in 

6 . 2in 

12. Oin 

8.  lin 

4 .9in 

1  .  7  i  n 

1  .7in 

1 . 2in 

Since  Kongju  (30°  28'N,  127°  08'E)  has  reported  the  greatest  precipitation,  these  values 
were  taken  to  represent  Taejon.  The  source  is  World  Cl imatic  Data ,  Frederick  L. 
Wernstedt,  Climatic  Data  Press,  1972.  The  reporting  period  is  1942-1972. 

"^Hor  i/.onta  1  radiation  data  is  from  p.  79  of  the  Present  Analysis  of  the  Sunlight  Energy 
Sources  of  Korea,  KE-84-21  ,  Volume  II  (Appendix).  Korean  Energy  Research  Center,  1984 
(provided  by  SERI).  The  data  reported  is  from  measurements  at  Kongju,  about  35  km  (22 
mi)  north  of  Taejon  for  the  years  1983  and  1984.  This  source  reports  the  elevation  of 
Kongju  as  59  m . 
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UIJONGBU,  SOUTH  KOREA 


Locatidii : 


37M5'\,  127°0C 


}■;]  f>vat  i  on : 


Near  Sea  Level 


Uijongbu  is  located  in  tlie  northern  portion  of  South  Korea,  approximately  30  km 
(19  mi)  north  of  Seoul.  The  estimated  average  temperature  is  ll“C  (52“F) ,  the 
estimated  average  relative  humidity  is  69%,  and  the  estimated  average  annual 
precipitation  is  133  cm  (52.5  in).  The  estimated  highest  and  lowest  temperatures 
recorded  during  a  22  year  period  are  37°C  (99“F)  and  -24°C  (-12°F), 
respect ively^ , 


Avg.  Temperature^  R.H.^  Total  Precip.^  Avg.  Daily  Radiation^ 
Month  _ Max.  Min.  Mean  %  ( cm )  (in)  (MJ/m^)  (BTU/ft2) 


"C 

op 

°C 

op 

op 

Jan  , 

0 

32 

-9 

15 

-5 

24 

65 

2.1 

0.8 

7,3 

644 

Feb. 

3 

37 

-7 

20 

-2 

29 

62 

2.1 

0.8 

9.7 

853 

Mar . 

8 

47 

-2 

29 

3 

38 

62 

3.6 

1.4 

12 . 7 

1120 

Apr . 

17 

62 

5 

41 

1 1 

52 

65 

7.8 

3,1 

14 . 8 

1301 

May 

22 

72 

11 

51 

17 

62 

69 

10.4 

4.1 

15,2 

1342 

Jun . 

27 

80 

16 

61 

22 

71 

71 

13.4 

5 . 3 

16,3 

1432 

J  u  1  y 

29 

84 

21 

70 

25 

77 

79 

41.0 

16.1 

12,2 

1078 

Aug. 

31 

87 

22 

71 

27 

79 

76 

27.3 

10.7 

12.4 

1096 

Sep . 

26 

78 

15 

59 

21 

69 

72 

14.3 

5.6 

13,3 

1171 

Oct . 

19 

67 

7 

45 

13 

56 

68 

4.3 

1.7 

10.4 

91  f! 

Nov  , 

1 1 

51 

0 

32 

6 

42 

68 

4.3 

1.7 

7.0 

616 

Dec . 

3 

37 

“7 

20 

-2 

29 

6G 

2.8 

1 ,  1 

5 . 9 

522 

TOTAL 

133.4 

52.4 

AVERAGES 

10 

61 

6 

43 

11 

52 

69 

11.4 

1008 

^Temperatur 

e  and 

humi d i ty 

data 

1  is  from  p 

,281  of 

World 

Weather  Guide 

\  E.A.  Pearc 

and  C.G, 

Smi th , 

New 

York 

Times 

;  Book 

Company,  1984  (ASU 

Library).  The  reported 

weather 

is 

for  Seoul 

(elevation  87m 

[285 

ft],  37 

’34 'N, 

126’58' E ) . 

The  average.s 

and  extremes  for  temperature,  humidity  and  precipitation  are  based  on  a  22  year 
period  ending  in  1980.  Tlie  mtcan  daily  temperature  was  taken  to  be  the  average 
between  the  maximum  and  minimum  temperatures.  Humidity  was  recorded  at  0530  and 
1330  hours.  The  humidity  reported  is  an  averfige  of  these;  two  values. 

^IMeci  p  i  tati  on  data  is  from  World  Olimatic  Data,  Frederick  I, ,  Wernstedt,  Climatic 
Data  Pre.ss,  1972.  The  station  reported  is  Uijonghu  and  represents  1942  to  1972 
data . 

'^HoiizontaJ  radiation  data  is  1  rom  p.  bb  ol  ttie  present  Analysis  of  riie  Suniigiii 
Energy  Sources  of  Korea,  KF-84-2] ,  Volume  II  (Appendix),  Korean  Energy  Researcii 
Center',  1984  (provided  liy  SKRl  )  .  The;  data  reported  is  from  measuremenf s  at 
Seoul,  about  30  km  (19  nil)  south  of  Uijongbu,  for  ttie  years  1983  and  1984. 
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PUSAN,  SOUTH  KOREA 


Locat i on ; 


SS^Oe'N,  129°0rE 


Elevat ion : 


Near  Sea  Leve] 


Pusan  is  located  in  southeastern  Korea  on  the  Pacific  Ocean.  The  a''erage 
temperature  is  14°('  (57°r),  the  average  relative  humidity  is  66%,  and  the  average: 
annual  precipitation  is  137  cm  (53  in).  The  highest  and  lowest  temperatures 


recorded 

dui 

■  j 

a  29 

year 

per 

iod 

are  36°C 

(96^6) 

and  -14°l 

::  (7“r) , 

res.-iect  ively  ^ 

Avg. 

Temperature^ 

R.H.l 

Total 

Prec.'ip .  ^ 

Avg ,  Da i 

'y  Radial  ion 2 

Montli 

Ma.\ . 

Min. 

Mean 

% 

(cm) 

(in) 

(M.)  ''m2  ) 

(RTC/ft2  ) 

°C 

°F 

“C 

oy 

°C 

OJ.- 

Jan . 

6 

43 

-2 

29 

2 

36 

49 

4.3 

1  .7 

11.3 

997 

Feb . 

7 

45 

-1 

31 

3 

38 

53 

3.6 

1  .4 

13.6 

1197 

Mar . 

12 

53 

.3 

37 

8 

45 

58 

6.9 

2.7 

16.6 

1462 

Apr , 

17 

62 

8 

47 

13 

55 

66 

14.0 

5 . 5 

18.3 

161 1 

May 

21 

69 

13 

55 

17 

62 

67 

13.2 

5,2 

19.8 

1744 

,)iin . 

2-1 

75 

17 

62 

21 

69 

11 

20. 1 

7.9 

18.4 

1620 

J  u  1  y 

27 

81 

22 

71 

25 

76 

83 

29.5 

11.6 

70.0 

1-194 

Aug, . 

29 

85 

23 

73 

26 

79 

79 

13.0 

5 . 1 

18.1 

1598 

Sep . 

26 

78 

18 

65 

22 

72 

73 

17.3 

6.8 

15,2 

1338 

Oct. 

21 

70 

12 

54 

17 

62 

64 

7.4 

2.9 

14.2 

1248 

Nov , 

1 5 

59 

6 

43 

11 

51 

61 

4  .  1 

1  .6 

10.7 

942 

Dec; . 

9 

48 

1 

33 

5 

41 

57 

3.1 

1  .2 

10,5 

927 

TOTAL 

136.5 

53.6 

AVERAGES 

18 

64 

10 

50 

14 

57 

66 

15.3 

1348 

^Temperature ,  humidity,  and  precipitation  data  is  from  page  261  of  World  Weatlier 
Guide ,  E.A.  Pearce  and  C.G.  Smith,  New  York  Times  Book  Company,  1984  (ASll 
Library).  The  reported  weather  is  for  Pusan.  The  averages  and  extremes  for 
temperature,  humidity  and  precipitation  are  based  on  a  29  year  period  ending  in 
1980.  The  mean  daily  temperature  was  taken  to  be  the  average  between  Liu; 
maximum  and  minimum  temperatures.  Humidity  was  recorded  at  0530  and  1330  hours. 
The  humidity  reported  is  an  average  of  these  1 wo  values. 

^Horizontal  radiation  data  is  from  p.  151  of  the  Present  Analysis  of  the  Sunlighl. 
Energy  Sources  of  Korea,  KE-84-21 ,  Volume  II  (Appendix),  Korean  Energy  Research 
Centf:r ,  1984  (provided  by  SERI),  The  data  reported  is  from  measurements  at  Pusan 
for  the  years  isa3  and  1984. 
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NORDENHAM,  GERMANY 


Location;  53N,  8E 

Elevation:  Sea  Level 

Nordenham  is  located  on  the  North  Sea  in  northern  Germany  about  100  km  (62  mil 
west  of  Hamburg.  The  estimated  average  temeprature  is  9°C  (48°F),  the  estimated 
average  relative  humidity  is  79^.,  and  the  estimated  average  annual  precipitation 
is  72  cm  (28  in).  The  estiniated  highest  and  lowest  temperatures  recorded  during 


a  30  year 

period 

end! ng 

in  1980  is 

36  “C 

(97“F)  and 

-29''C 

(-20°F) , 

respectively . 

Avg. 

Temperature^ 

R.H.l 

Total  Free  ip. 2 

Avg.  Daily  Radiation^ 

Month 

Ma.x . 

Min. 

Mean 

% 

( cm ) 

(  in) 

(MJ/m*^ 

)  (BTL/ft2) 

“C 

“C 

op 

°C 

°F 

Jan . 

2 

36 

-2 

28 

0 

32 

87 

5.7 

2.2 

2 .  1 

184 

Feb. 

3 

37 

-2 

28 

1 

33 

85 

4 . 8 

1 .9 

4 . 4 

386 

Mar . 

7 

44 

-1 

31 

3 

38 

78 

4.2 

1 . 7 

8.7 

767 

Apr . 

13 

55 

3 

38 

8 

47 

73 

5.0 

2.0 

14.5 

1274 

May 

18 

64 

7 

45 

13 

55 

69 

5.6 

2.2 

18.0 

1585 

June 

21 

69 

11 

51 

16 

60 

70 

5.9 

2.3 

21  .0 

1852 

July 

22 

73 

13 

55 

18 

64 

74 

9  2 

3,6 

18.6 

1643 

Aug . 

2 '3 

72 

12 

54 

17 

63 

76 

7.9 

3.1 

16.5 

1458 

Sep . 

19 

66 

10 

49 

1  5 

58 

78 

6.0 

2.4 

10  7 

946 

Oct . 

13 

55 

6 

43 

10 

49 

83 

5.8 

2.3 

5.8 

514 

,N’ov . 

7 

45 

3 

37 

5 

41 

88 

6.0 

2.4 

2.5 

223 

Dec . 

4 

39 

0 

31 

2 

35 

89 

5.4 

2.1 

1.6 

141 

TOTALS 

71 ,5 

28.1 

AVERAGES 

13 

55 

5 

41 

9 

48 

79 

10.4 

917 

^Temperature  and  humidity  data  is  from  p.  367  of  World  Weather  Guide ,  E.  A. 

Pearce  and  C.  G.  Smith,  New  York  Times  Book  Company,  1984  (ASU  Library).  The 
reported  weather  is  for  Hamburg,  Germany,  a  full  100  km  (62  mi)  east  of 
Nordenham.  The  averages  and  extremes  are  based  on  a  30  year  period  ending  in 
1980.  The  mean  daily  temperature  was  taken  to  be  the  average  between  the  maximum 
and  minimum  temperatures.  The  closest  city  for  which  any  data  could  be  found  is 
Bremen,  about  30  km  (19  mi)  south  of  Nordenham.  Only  averages  could  be  found  at 
Bremen.  A  comparison  of  averages  (1942-1972)  for  Bremen  and  Hamburg  from  p.  191 
and  192  of  World  Cl  imati  c:  Data ,  Frederic,:  .  .  Wernstedt,  Climatic  Data  Press, 


1972,  Is 

as 

f  ol lows : 

.1 

M 

A 

M 

■1 

J 

A 

S 

0 

N 

D 

Hamburg 

0" 

C 

0°C 

3"C 

8“C 

13°C 

16°C 

]7°C 

17° 

C 

14° 

C 

9° 

C 

5°C 

2°C 

32° 

F 

33°F 

38°F 

46°F 

55°  F 

60  °F 

63°F 

62° 

F 

57° 

F 

48° 

F 

41  °F 

35  °F 

Bremen 

1° 

C 

1°C 

4  “C 

8"C 

13°C 

16°C 

17°C 

17° 

C 

14° 

C 

9° 

C 

5°C 

2°C 

33° 

F 

34  °F 

39°F 

47°F 

55  °F 

61  °F 

63°F 

63° 

F 

57° 

F 

49° 

F 

42°F 

36  °F 

159 


The  above  data  would  indicate  that  temperature  data  for  Rromen  would  be  similar 
to  Hamburg.  It  is  also  expected  that  Nordenham  data  would  be  very  similar  to 
Hamburg  because  of  the  moderating  influence  of  the  North  Sea,  Humidity  data  at 
Hamburg  was  recorded  at  0630  and  1330  hours.  The  humidity  reported  is  an  average 
of  these  two  values. 

^The  precipitation  data  is  from  p.  191  of  World  Climatic  Data ,  Frederick  b. 
Wenistedt,  Climatic:  Data  Press,  1972  (ASC  Library).  The  data  reported  is  for 
Bremen  (elevation  4  m  [13  ft]),  about  30  km  (19  mi)  south  of  Nordenham  and  covers 
the  period  1942  1972, 

^The  radiation  data  is  from  European  Solar  Radiation  Atlas ,  Vol .  1,  W.  Palz,  ed. 
Commission  of  European  Communities,  1984  (DSF.T  Library).  The  data  reported  is 
for  Rremerhaven,  about  5  km  (3  mi)  east  of  Nordenham.  The  reporting  period  is 
1966  1975. 
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MARSHALL.  TX 


Location:  32"  32 'X,  94'"  21 'W 

L )  evat  i  ti!) :  107  m  (352  ft) 

Marshall  is  located  in  east  Texas  about  30  km  (19  mi)  from  the  Louisiana  border 
a)id  about  70  km  (43  mi)  west  of  Shreveport,  L.\.  The  average  temperature  is  18°(; 
{64"K).  the  estimated  average  relative  humidity  is  12%,  and  the  average  annual 
pi'eni p i t at i on  is  118  cm  (46  in).  The  highest  and  lowest  temperatures  recorded 


( 1951-1980) 

were 

43° 

C  (110 

"F) 

in 

August 

of 

1962  , 

and  -16°C 

(4°F)  in 

February 

1951 ,  re 

spect i ve 1 y . ^ 

Avg . 

Temperat  ure^ 

H.  H. 

2 

Total 

Preci p . ^ 

Avg.  Daily  Radial 

Month 

Max . 

Min . 

Mean 

% 

( cm ) 

(in).  . 

(MJ./m'^) 

(BTU/f t2) 

°C 

°F 

°C 

°F 

°C 

Jan . 

13 

55 

1 

33 

7 

44 

13 

10.5 

4  .  1 

8.7 

762 

Feb . 

15 

60 

3 

37 

9 

48 

69 

9.4 

3.7 

11 . 8 

1038 

Mar  . 

20 

67 

6 

43 

13 

55 

68 

10.1 

4 . 0 

15 . 2 

1312 

Apr . 

25 

76 

12 

53 

18 

65 

70 

13.0 

5. 1 

18.3 

1613 

May 

29 

83 

16 

61 

22 

72 

73 

12.3 

4 . 9 

21.4 

1886 

June 

32 

90 

20 

68 

26 

79 

73 

9.5 

3.7 

23.4 

2065 

July 

35 

94 

22 

72 

28 

83 

72 

8 , 4 

3 . 3 

22.9 

2014 

Aug. 

34 

94 

21 

70 

26 

82 

72 

6.1 

2.4 

21  .3 

1877 

Sep . 

31 

88 

18 

65 

25 

(  i 

73 

10.4 

4  .  1 

17.6 

1554 

Oct . 

26 

79 

1 1 

53 

19 

66 

71 

8.1 

3.2 

14 . 8 

1304 

Nov , 

19 

67 

6 

42 

12 

54 

73 

9.5 

3.8 

10.5 

929 

Dec . 

15 

59 

2 

36 

8 

47 

74 

10.4 

4 . 1 

8,3 

731 

TOTALS 

117.7 

46.4 

AVERAGES 

24 

76 

12 

53 

18 

64 

72 

16,2 

1426 

^Temperature  and  Precipitation  data  is  from  p.  1080  of  Climates  cjf  Ui£  Statc‘'s . 

Vol .  2.  National  Oceanic  and  Atmospheric  Administration.  3rd  ed.,  1985,  Gale 
Research  Company,  lletroit,  Ml  (DSF.T  Library).  The  weather  station  reported  is 
Marshall,  TX ,  The  averages  and  extremes  for  temperature  and  precipitation  are 
based  on  the  period  1951-1980. 

^Humidity  data  is  from  the  same  source  as  (1)  (Vol.  1,  p.  472),  but  since 
humidity  data  is  not  published  for  Marshall,  TX,  this  data  is  for  Shreveport,  LA 
(32°  28'N,  93°  49'W,  elevation  77  m  [254  ft])  70  km  (43  mi)  east  of  Marshall,  TX. 
Humidity  is  recor-ded  at  0600,  1200,  1800,  and  2400  bouts.  The  average  humidity 
is  the  mean  of  these  four  values.  The  averages  are  based  on  a  31  year  porioo 
ending  in  1980. 

^Hadiation  data  is  from  p.  95  of  the  Insolation  Data  Manual ,  Connie  L.  Knapp, 
Thomas  L.  Stoffel,  and  Stephen  D.  Whittaker,  Solar  Energy  Kesearcli  Instilute, 
Goldeii,  CO,  1980  (ASC  Libr;;ry).  The  radiation  data  is  for  Shreveport,  LA. 
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SUNNY  POINT,  SC 


Location:  Approx.  33'^N,  SO^W  (vicinity  of  Charleston) 

Elevation;  Near  Sea  Level 


Suttny  point  is  located  on  the  Atlantic  Ocean  near  Charleston.  The  average 
tempci'atui-e  is  18“C  (fi5°F)  ,  the  average  relative  humidity  is  75%,  and  the 
average  annual  precipitation  is  131  cm  (52  in).  The  highest  and  lowest 
temperatures  recorded  (1951-1980)  were  39°C  (102°F),  in  June.  1944,  and 
-IS^C  (9°F)  in  December,  1962,  respectively.! 


Avg.  Temperature!  R.H.l  Total  Precip.!  Avg,  Daily  Kadiatioii^ 


Month 

Max . 

M 1  ri . 

Mean 

% 

(cm) 

(in) 

(MJ/m2 ) 

(BTU/ft2 ) 

°C 

°F 

“C 

op 

°C 

°F 

Jan . 

15 

59 

3 

37 

9 

48 

73 

8,5 

3.3 

8.5 

744 

Feb . 

16 

61 

4 

38 

10 

50 

69 

8,6 

3,4 

11.3 

995 

Mar . 

20 

68 

7 

45 

14 

57 

70 

11 .  1 

4.4 

15.2 

1339 

Apr . 

24 

76 

1 1 

53 

18 

64 

71 

6.6 

2.6 

19.7 

1732 

May 

28 

83 

16 

61 

22 

72 

75 

11.2 

4.4 

21  . 1 

1860 

June 

31 

87 

20 

68 

25 

78 

77 

16.6 

6.6 

20.9 

1844 

July 

32 

89 

22 

72 

27 

81 

8(1 

18.6 

7.3 

20 . 4 

1799 

Aug . 

32 

89 

22 

71 

27 

80 

81 

16.5 

6.5 

3  8.9 

lv585 

Sep , 

29 

85 

19 

67 

24 

76 

81 

12.5 

4.9 

15.8 

1394 

Oct . 

25 

77 

13 

55 

19 

67 

78 

7.4 

2.9 

13 . 5 

1193 

Nov . 

20 

69 

7 

45 

14 

57 

75 

5 . 5 

2.2 

30.6 

934 

Dec . 

16 

61 

4 

39 

10 

50 

73 

7.9 

3,1 

8.2 

721 

TOTAL 

331.0 

61,6 

AVERAGE 

24 

75 

12 

54 

18 

65 

75 

3  5 . 3 

1345 

^Temper 

d  L  UM^ 

,  humidity, 

and 

precipitation 

lid Is 

from  p. 

992  of  C 

li.nsat.e  of  the 

States 

,  Vol 

•  2  , 

National  0 

ceanic 

and  Atmo 

spheric 

Administi’ation, 

3rd  ei.,  1985 

Gale  Research  Company,  Detroit.  MI  (DSET  library).  The  weather  station  rep''r  t;'d 
is  the  Charleston  Municipal  Airport,  32'’54'N,  80'’02'W,  elevation  12  m  (39  ft) 
above  sea  level.  The  averages  and  extremes  for  temperatu.re ,  precipitation,  and 
humidity  are  based  on  the  period  1951-1980.  Humidity  is  recorded  at  0600,  1200, 
1800,  and  2400  hours;  the  average  daily  humidity  is  the  mean  of  these  four 
values . 

^The  radiation  data  is  from  p.  195  of  the  Insolation  Data  Manual,  Connie  L. 

Knapp,  Thomas  J.  Stoffel ,  and  Stephen  D.  Whittaker,  S-lar  Energy  Research 
Institute,  Golden,  CO,  1980.  The  weather  station  reported  is  Solmet  Station  No. 
13880  at  the  same  latitude,  longitude,  and  elevation  as  in  (1)  above. 
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GLASCOED  WALES 


Encation:  Approx  j  rui  t  e  A  y  (\iciniiy  of  Newport) 

tAleviUion;  Near  le\'v'l 


Glasf^oed,  Wales 

is  .lot -a 

t  t;d  i  r\  so\it hem  Wa !  e 

s  near  Newotu't 

;il  th(!  mouth  cf  the 

Severn 

River . 

The  estimated 

avei'age  temper 

at  lire  is 

1  rc 

(51“F) ,  the 

est  j  mated 

average 

relative  humidi 

t  y  i  s 

and  the  e 

s lima ted 

a  Vera 

ge  annual  precipitation 

is  106. 

5cm  (42 

in.).  T 

he  hi; 

gliest 

and  lowest  tempera t ure.s 

recorded  (aoout  1950- 

1980)  were  33 '’C 

(91'’F) 

til  id 

(2'’F}.  respectively 

1 

Avg 

.  Temperature 

1 

R.H.5 

Total  Prtreip. 

1  Avg.  Dai  A 

y  Radiation 

Month 

Max . 

Mi  n  . 

Mean 

% 

(cm  1 

(in) 

) 

(BTU  -Tt2  i 

°C  “F 

“C  “F 

‘'C 

°F 

Jan  . 

7  45 

2  35 

5 

40 

89 

10.8 

4.3 

2.3 

206 

Feb. 

7  45 

2  35 

K 

O  ! 

2 . 8 

4 . 5 

3'.;  7 

Mar. 

10  50 

3  38 

7 

44 

82 

6.3 

2 . 5 

8.5 

751 

Apr . 

13  56 

5  41 

9 

49 

74 

6 . 5 

2.6 

11.8 

1040 

May 

16  61 

8  46 

12 

54 

74 

7.6 

3.0 

15.8 

1393 

June 

19  66 

11  52 

15 

59 

73 

6.3 

2 . 5 

1  8  .  J 

1620 

July 

20  69 

12  54 

16 

61 

76 

8.9 

3.5 

IV  ,4 

1532 

Aug. 

21  69 

13  55 

17 

62 

78 

9 , 7 

3  .  « 

1  3 . 7 

1211) 

Sep . 

18  64 

11  51 

15 

58 

81 

9.9 

3.9 

10.2 

902 

Oct . 

14  58 

8  46 

11 

52 

85 

10.9 

4 . 3 

0 . 0 

533 

Nov . 

in  51 

3  41 

8 

46 

88 

11.6 

4 . 7 

3.4 

298 

Dee , 

8  46 

3  37 

7 

42 

89 

10.8 

4.3 

2  .  1 

181 

TOTAL 

106.5  42.2 

AVERAGES  14  57 

7  44 

11 

51 

81 

9.5 

841 

^Temperature,  humidity, 

and 

precipitation  data  is  from  p. 

375  of  World  Wtrathtn- 

Guide,  E,  A.  Pearce  and  C.  G.  Smith,  New  York  Times  Book  Company,  1984  (ASLi 
iibiaiy).  The  repcjrted  weather  is  for  Cardiff,  Wales,  52°29'N,  1°5G'W, 
elevation  163m  (535  ft),  about  20  km  (12  mi)  southwest  of  Newport  along  the 
mouth  of  t!ie  Severn.  The  average.s  and  extremes  for  temperature,  humidity,  and 
precipitation  are  based  on  a  30  year  period  ending  in  1980.  It  is  most  likely 
that  a  maximum-minimum  type  thermometer  was  used  since  the  mean  daily 
temperature  is  not  reported.  For  this  table,  the  mean  was  taken  to  be  the 
average  between  maximum  anr!  minimum  temperatures.  The  liumidity  was  recorded  a1. 
0900  hours. 

^The  radiation  data  is  irom  p.  80  of  Euia)i)e.'iTt  Solar  Rraiiation  Atlas,  vol  1,  W. 
Palz,  ed..  Commission  oj  Eur-opean  Coaiinuni  t.  i  es ,  1984  (DSF.l  library).  The  weatiiei 
station  reported  in  Mnjvern,  England,  52°06'N,  2''1S'W,  elevation  63m,  (207  ft) 
about  60krfi  (37  mi)  northeast  of  Newport. 
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MILAN,  TN 


Location.  34^  56'N,  88°  46’W 

F.  l(;vat  :i  on  :  131m  (430  ft.) 

Milan  is  locnittui  in  the  Mississippi  River  Valley  in  western  Tennesset*  about  80  Vtm 
(50  mi)  east  of  the  Mississippi  River  and  160  km  (99  mi)  northeast  of  Memptiis, 

The;  average  temper atiiin;  is  15°C  (59“F).  the  estimated  average  relative  linmidity 
is  69°«,  and  the  average  annual  precipitation  is  135  cm  (53  in).  The  fiighest  and 
Iuw('st  temperatures  recorded  (1951-1980)  were  42°C  (]08°F)  in  July,  1952,  and  the 
lowest  -31 °r  (23°F)  in  February,  1962.  respect i vel y , ^ 


Mont)i 

Avg  . 

Max . 

Temperature^ 
Min.  Mean 

R.H.2 

c 

Total 
( cm ) 

Free  ip . ^ 
(in) 

Avg.  Daily  RadifiXioir 
(MJ/m2)  (BTU.'fig; 

°C 

°F 

“C 

°F 

°C 

°F 

Jan . 

8 

46 

-3 

26 

2 

36 

71 

11.8 

4.6 

7  .7 

683 

Feb . 

10 

50 

-2 

29 

4 

40 

68 

13.5 

4.5 

10.7 

945 

Mar . 

15 

59 

3 

38 

9 

49 

65 

14.5 

5.7 

14 .5 

1278 

•Apr . 

22 

71 

9 

48 

15 

60 

64 

13.2 

5.2 

18.6 

1639 

May 

26 

79 

14 

56 

20 

68 

67 

K! .  1 

5.1 

21.4 

188.5 

Juri  e 

30 

87 

18 

64 

24 

7  6 

69 

10.8 

4.3 

23.2 

2045 

July 

32 

90 

20 

68 

26 

79 

70 

10.0 

3.9 

22.4 

1972 

Aug . 

32 

89 

19 

66 

A  1“ 

C\> 

78 

70 

9 . 8 

3.9 

20 . 7 

1  824 

Sep. 

29 

83 

15 

59 

22 

71 

71 

9.9 

3.9 

16.7 

1471 

Oct , 

23 

73 

8 

46 

15 

59 

68 

6.8 

2.7 

13,7 

1205 

Nov . 

15 

60 

3 

37 

9 

48 

68 

11.4 

4.5 

9.3 

817 

Dec, 

10 

50 

-1 

30 

4 

40 

70 

12.1 

4 . 8 

7  .  1 

629 

TOTALS 

134,9 

53. 1 

AVERAGES 

21 

70 

9 

47 

15 

59 

69 

15.5 

1366 

iRased  on  an 

,  average 

of  I 

data  taken 

at  Milan,  TN 

from  1951 

to  1980 

The  data  wa; 

t-  i  r»  <'l 

\,y  W  C4  1  1  1  «.( 

fi'om  p. 

1031 

of 

Cl  imates 

of  the 

States , 

Vol,  2. 

National 

Oceanic  and 

Atmospher i c 

Administration,  3rd  ed 

,  Gale 

Research 

Company , 

Detroit,  Ml 

(DSt'.T  Library). 

^Since  humidity  data  is  not  published  for  Milan,  tliis  data  in  for  Mempliis,  TX 
(elevation  79  m  (258  ft]),  about  160  km  (99  mi)  SW  of  Milan.  Since  both  Milan 
and  Memphis  are  in  the  western  (flat.)  portion  of  Tennessee,  it  is  not  expected 
that  theie  would  he  significant  differences  between  the  humidity  in  Milan  and 
Memphis.  This  data  is  from  the  same  source  as  1  (p.  1037).  Humidity  at  Memphis 
is  recorded  at  0600,  1200,  1800,  and  2400  hours.  The  average  liumidity  is  the 
mean  of  these  four  recorded  values.  The  averages  are  based  on  a  44  year  period 
ending  in  1980.  (DSLT  Library). 

'^Radiation  data  is  from  the  Insolat  ion  Data  Manual  ,  Connie  L.  Knapp,  Thtimas  1,. 
Stoifel,  and  Steplieii  D.  Whittaker,  Solar  Energy  Reseat’cli  Institute,  Golden,  t.i), 
1980.  Tiie  radiation  data  is  for  Memphis  (ASb  r,ibrary)  , 
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CAMDEN.  AR 


Location:  92M9’W 

Elevation:  35ni  (116  ft) 

Camden  is  located  in  the  Mississippi  River  Valley  in  southern  Arkansas  about  140 
km  (87  mi)  south  of  Little  Rock  and  about  140  km  (87  mi)  west  of  the  Mississippi 
River.  The  average  temperature  is  17°C  (63®F),  the  estimated  average  relative 
humidity  is  70%,  and  the  average  annual  precipitation  is  128  cm  (50  in).  The 
highest  and  lowest  temperatures  recorded  (1951-1980)  were  44°C  (111®F)  in  July  of 
1954  and  -22°C  (-8®F)  in  February  of  1951,  respectively.! 

Avg.  Temperature!  R.H.^  Total  Precip.!  Avg.  Daily  Radiation^ 


Month 

Max . 

Min . 

Mean 

% 

(cm) 

(in) 

(MJ/m2) 

(BTU/ft2 

“C 

®F 

°C 

Op 

■“C 

op 

Jan . 

12 

54 

-1 

31 

6 

42 

70 

11.1 

4.4 

8.3 

731 

Feb. 

15 

59 

1 

34 

8 

47 

67 

10.0 

3.9 

11.4 

1003 

Mar . 

20 

67 

5 

41 

12 

54 

65 

12.4 

4.9 

14.9 

1313 

Apr . 

25 

77 

11 

51 

18 

64 

67 

13.0 

5.1 

18.3 

1611 

May 

28 

83 

15 

59 

22 

71 

72 

12.0 

4.7 

21.9 

1929 

June 

32 

90 

19 

67 

26 

78 

70 

9.3 

3.7 

23.9 

2107 

July 

34 

94 

21 

70 

28 

82 

72 

10.4 

4.1 

23.1 

2032 

Aug. 

34 

93 

20 

69 

27 

81 

71 

7.8 

3.1 

21.1 

1861 

Sep . 

31 

87 

17 

62 

24 

75 

74 

11.4 

4.5 

17.2 

1518 

Oct . 

25 

78 

10 

49 

18 

64 

70 

7.0 

2.8 

13.9 

1228 

Nov . 

19 

66 

4 

40 

11 

53 

71 

11.6 

4.6 

9.6 

847 

Dec . 

14 

57 

1 

33 

7 

45 

71 

11.7 

4.6 

7.6 

674 

TOTALS 

AVGS 

24 

75 

10 

51 

17 

63 

70 

127.7 

50.3 

15.9 

1404 

iTemperature  and  precipitation  data  is  from  p.  64  of  Climates  o^  the  States ,  Vol. 
1,  National  Oceanic  and  Atmospheric  Administration,  3rd  ed.,  1985,  Gale  Research 
Company,  Detroit,  MI  (DSET  Library).  The  weather  station  reported  is  Camden. 

The  averages  and  extremes  for  temperature  and  precipitation  are  based  on  the 
period  1951-1980. 

^Humidity  data  is  from  the  same  source  as  (1)  (p.  77),  but  since  humidity  data  is 
not  published  for  Camden,  this  data  is  for  Little  Rock,  140  km  (87  mi)  north  of 
Camden.  Humidity  is  recorded  at  0600,  1200,  1800,  and  2400  hours.  The  average 
humidity  is  the  mean  of  these  four  values.  The  averages  are  based  on  a  23  year 
period  ending  in  1980. 

^Radiation  data  is  from  p.  28  of  the  Insolation  Data  Manual .  Connie  L.  Knapp. 
Thomas  L.  Stoffel,  and  Stephen  D.  Whittaker,  Solar  Energy  Research  Institute, 
Golden,  CO,  1980  (ASU  Library),  The  radiation  data  is  for  Little  Rock. 


MINDEN.  LA 


Location;32‘*36'N.  93“18'W 
Elevation:76  m  (250  ft) 

Minden  is  located  in  northwestern  Louisiana  about  50  km  east  of  Shreveport.  The 
average  temperature  is  18°C  (64'’F),  the  estimated  average  relative  humidity  is 
12%,  and  the  average  annual  precipitation  is  123  cm  (48  in).  The  highest  and 
lowest  temperatures  recorded  (1951-1980)  were  42°C  (108°F)  in  August  of  1951  and 
-18®C  in  (0°F)  January  of  1962,  respectively.! 


Month 

Avg. 

Max. 

Temperature! 

Min.  Mean 

R.H.2 

% 

Total  Precip. ! 
(cm) _ ( in) 

Avg.  Daily 
(MJ/m2) 

Radiatii 

(BTU/ft2 

®C 

®F 

°C 

°F 

®C 

®F 

Jan . 

13 

56 

1 

34 

7 

45 

73 

11 . 1 

4.4 

8.7 

762 

Feb. 

16 

61 

3 

37 

9 

49 

69 

10.2 

4.0 

11.8 

1038 

Mar. 

20 

68 

6 

43 

13 

56 

68 

11.1 

4.4 

15.2 

1342 

Apr . 

25 

77 

12 

53 

18 

65 

70 

11.7 

4.6 

18.3 

1613 

May 

29 

83 

16 

61 

22 

72 

73 

13.8 

5.4 

21.4 

1886 

June 

32 

90 

20 

68 

26 

79 

73 

9.6 

3.8 

23.4 

2065 

July 

34 

93 

22 

71 

28 

82 

72 

10.8 

4.3 

22.9 

2014 

Aug. 

34 

93 

21 

70 

28 

82 

72 

7.6 

3.0 

21.3 

1877 

Sep. 

31 

88 

18 

64 

25 

76 

73 

8.3 

3.3 

17.6 

1554 

Oct . 

26 

79 

11 

52 

19 

65 

71 

6.4 

2.5 

14.8 

1304 

Nov. 

20 

67 

6 

42 

13 

55 

73 

10.7 

4.2 

10.5 

929 

Dec . 

15 

59 

2 

36 

9 

47 

74 

11.3 

4.4 

8.3 

731 

TOTALS 

122.6 

48.3 

AVERAGED 

25 

76 

11 

53 

18 

64 

72 

16.2 

1426 

iTemperature  and  precipitation  data  is  from  p.  466  of  Climates  of  the  States . 

Vol.  2,  National  Oceanic  and  Atmospheric  Administration,  3rd  ed. ,  Gale  Research 
Company,  Detroit,  MI  (DSET  Library).  The  weather  station  reported  is  Minden. 

The  averages  and  extremes  for  temperature  and  precipitation  are  based  on  the 
period  1951-1980. 

^Humidity  data  is  from  the  same  source  as  (1)  (p.  472),  but  since  humidity  is  not 
published  for  Minden,  this  data  is  for  Shreveport  (32®  28'N,  93®  49'W,  elevation 
77  m  [254  ft]),  about  50  km  (31  mi)  west  of  Minden.  Humidity  is  recorded  at 
0600,  1200,  1800,  and  2400  hours.  The  average  humidity  is  the  mean  of  these  four 
values.  The  averages  are  based  on  a  31  year  period  ending  in  1980. 

^Radiation  data  is  from  p.  95  of  the  Insolation  Data  Manual ,  Connie  L.  Knapp, 
Thomas  L.  Stoffel,  and  Stephen  D.  Whittaker,  Solar  Energy  Research  Institute, 
Golden.  CO,  1980  (ASU  Library),  The  radiation  data  is  for  Shreveport,  LA. 
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INDEPENDENCE.  MO 


Location:  39“N,  94,5‘'W 

Elevation:  Approx.  250m  (820  ft) 

Independence  is  located  near  Kansas  City  at  the  western  edge  of  Missouri.  The 
average  temperature  is  14°C  (56®F),  the  average  relative  humidity  is  64%,  and  the 
average  annual  precipitation  is  75  cm  (29  in) .  The  highest  and  lowest 
temperatures  recorded  (1951-1980)  were  43®C  (109°F)  in  July  of  1980  and  -26®C 
{-14°F)  in  January  of  1982,  respectively.! 


Avg. 

Temperaturel 

R.H.  1 

Total 

Precip. 

1  Avg.  Daily  Radiat 

Month 

Max . 

Min . 

Mean 

% 

(cm) 

(in) 

(MJ/m'^) 

(BTU/ft2 

®C  ®F 

°C  ®F 

°C  ®F 

Jan . 

3  37 

-7  19 

-2  28 

66 

2.5 

1.0 

7.4 

648 

Feb. 

6  44 

-4  25 

1  34 

65 

2.7 

1 . 1 

10.2 

895 

Mar . 

12  54 

1  34 

6  44 

60 

5.4 

2.1 

13.7 

1203 

Apr . 

20  67 

8  46 

14  57 

58 

6.8 

2.7 

17.9 

1575 

May 

25  77 

14  57 

19  67 

63 

8.7 

3.4 

21.3 

1873 

June 

30  85 

19  66 

24  76 

68 

10.5 

4.1 

23.6 

2080 

July 

33  91 

22  71 

27  81 

64 

8.9 

3.5 

23.9 

2102 

Aug. 

32  89 

21  69 

26  79 

65 

8.0 

3.2 

21  .1 

1862 

Sep . 

27  81 

16  61 

22  71 

66 

8.5 

3.3 

16.5 

1452 

Oct . 

21  71 

9  49 

15  60 

61 

6.5 

2.6 

12.4 

1092 

Nov . 

13  55 

1  34 

7  45 

67 

3.1 

1.2 

8.4 

737 

Dec . 

6  43 

-4  26 

1  34 

69 

2.9 

1.1 

6.4 

562 

TOTAL 

AVGS 

19  66 

8  47 

14  56 

64 

74.5 

29.3 

15.2 

1340 

^Temperature ,  humidity  and  precipitation  data  is  from  p.  632  of  Climates  ^  the 
States ,  Vol .  2,  National  Oceanic  and  Atmospheric  Administration,  3rd  ed.,  1985, 
Gale  Research  Company,  Detroit,  MI  (DSET  Library).  The  weather  station  reported 
is  the  downtown  Kansas  City  airport,  39®  07'N,  94®  36'W,  elevation  226  m 
(742  ft).  The  averages  and  extremes  for  temperature,  precipitation,  and 
humidity  are  based  on  the  period  1951-1980.  Humidity  is  recorded  at  0600,  1200, 
1800,  and  2400  hours;  the  average  dally  humidity  is  the  mean  of  these  four 
values . 

^The  radiation  data  is  from  p.  116  of  the  Insolation  Data  Manual .  Connie  L. 
Knapp,  Thomas  J.  Stoffel,  and  Stephen  D.  Whittaker,  Solar  Energy  Research 
Institute,  Golden,  CO,  1980  (ASU  Library).  The  weather  station  reported  is 
Kansas  City. 
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48N  to  52N.  6E  to  12K 
(Excluding  East  Germany) 


TEMPERATL'RE 

Three  sources  (referenced  as  (1),  (2),  and  (3))  were  found  to  contain  significant 
data.  The  variety  of  this  data  is  described  below: 


Source 

t 

Cities 

Avg.  Daily  Temps. 

Max/Min  Temps. 

Extreme  Temps. 

(1  ) 

4 

Yes 

Yes 

Y'es 

(2) 

7 

Yes 

Yes 

No 

(3) 

134 

Yes 

N'o 

No 

Using  source  (3)  wtiicli  only  contains  average  daily  temperatures  (by  month),  the 
warmest  cities  within  the  designated  ai-ea  are  as  follows: 


Avg.  Temps. 


.  City 

Latitude 

Longi tude 

Elevation 

July 

Ent i re 

Year 

(m) 

(ft) 

(‘C) 

(“F) 

(°C) 

{°F) 

Kcolenz 

50“21  'N 

7‘’36' 

E 

66 

217 

19.1 

66.4 

10.5 

50.9 

Leverkusen 

51°02  'N 

e'SQ' 

'  E 

44 

144 

18.6 

65.5 

10.3 

50.5 

Freiberg 

00 

o 

O 

7^. 

7'’51 ' 

E 

259 

850 

19.4 

66.9 

10.3 

50.5 

Frankfurt 

50"07'N 

8'’40' 

'E 

103 

338 

19 . 4 

66.9 

10.2 

50.4 

Dusst:]dorf 

51°13'N 

6M5' 

t: 

36 

118 

18.4 

65. 1 

10.2 

50.4 

Source  (1)  contains  the  most  complete  information  since  it  also  includes 
temperature  extremes.  Frankfurt  is  one  of  the  cities  listed  in  source  (1)  and  it 
is  one  of  the  wannest  cities  in  West  Germany  based  on  source  (3) . 

Using  a  similar  approach,  the  coldest  cities  within  the  designated  area  based  on 


source  (3)  are 

listed  in 

the  following 

table : 

Avg . 

Temps . 

City 

Lat i l ude 

Longi tude 

F-levat  ion 

Jan  . 

Entire  Year 

(m) 

(ft) 

(°C) 

(°F) 

(’C)  ("FI 

Hof 

OO'ia’N 

11“55’K 

471 

154  5 

-2.9 

26.8 

6.7  44.1 

Kahler  Asten 

5 1  °  n  '  N 

8^29' E 

836 

2743 

-3. 1 

26,4 

5.0  41.0 

Tenschni tz 

.50''24  'N 

]1‘’23'E 

622 

2041 

-3,6 

25.5 

6.2  43.2 

Wasserkuppe 

50’30'N 

9“57'E 

92U 

3018 

-3.9 

25.0 

4,8  40.6 

None  of  the  four  cities 

listed  above  are  included  in 

.sour  ce 

(1)  - 

However,  it 

surprising  that 

only  a  C 

‘'C  difference  exists 

between 

the  coldest 

and  warmest 

]()c:atioris  within  the  entii'e  designated 

area . 

Of  the  four  cities  listed  in  source  (1) 

,  the 

coolest 

i  s  Mun  i  c.h . 

Muni  (;h 

4)i''l()'i\ 

1 1  ^30^; 

515 

1690 

-2,  1 

28.2 

7.9  46.2 

Munich  is  approximately  warmer  than  the  four  cities  li.sted  above. 
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Usinp,  Muiiicli  atici  Fraiikfiu't  as  a  guide,  we  could  use  source  (1)  to  estimate  the 
following  temperature  extr(;mes: 

Highest  recorded:  38°C  (101°F)  {Frankfurt,  July) 

Lowest  rec'orcled:  -30"C  (  ^l^F)  (Muuicli,  February) 

Ttie  complete  temperature  data  for  these  two  cities  are  listed  in  the  following 
tables  ; 


FRANKFURT  (WARM) _  _ MUNICH  (COLD) 


Month 

Highest 

Recorded 

AviL _ 

Dai  ly 

Lowest 

Recorded 

Highest 

Recorded 

Avg . 

Daily 

Lowes  t 
Kecordfu] 

Max 

Min. 

Max  . 

Min. 

“C 

“F 

°C 

“F 

°C 

“F 

“C 

“F 

“C 

“F 

“C 

°F 

’C 

Of.. 

“C 

Of,. 

Jan . 

14 

57 

3 

38 

-2 

29 

-24 

-11 

16 

62 

1 

35 

-5 

23 

-29 

-20 

Feb, 

18 

65 

5 

41 

-1 

30 

-19 

-3 

20 

68 

3 

38 

-5 

oo 

c.  i  > 

-30 

-21 

Mar . 

24 

7.5 

1 1 

51 

2 

35 

-8 

17 

24 

74 

9 

48 

-1 

30 

-18 

0 

Apr . 

31 

87 

16 

60 

6 

42 

-4 

26 

29 

84 

14 

56 

3 

38 

-16 

3 

May 

34 

94 

20 

69 

9 

49 

2 

29 

31 

87 

18 

64 

7 

45 

'6 

22 

Jun . 

38 

101 

23 

74 

13 

55 

4 

39 

35 

94 

21 

7  0 

11 

51 

3 

37 

Jul  . 

38 

101 

25 

77 

15 

58 

8 

46 

35 

95 

23 

74 

13 

55 

5 

40 

Aug , 

38 

I'wO 

24 

76 

14 

57 

7 

44 

36 

96 

23 

73 

12 

54 

3 

38 

Sep , 

34 

94 

21 

69 

1 1 

52 

1 

33 

32 

90 

20 

67 

9 

40 

-3 

28 

Oct . 

26 

78 

14 

58 

7 

44 

-4 

25 

28 

82 

13 

56 

4 

40 

-6 

21 

Nov . 

19 

65 

8 

47 

3 

38 

-7 

19 

20 

87 

7 

44 

0 

33 

-12 

10 

Dec . 

14 

56 

4 

39 

0 

32 

-18 

0 

If) 

60 

2 

36 

-4 

26 

-22 

•8 

The  Frankfui't  and  Munich  data  reported  are  from  source  (1)  and  represent  29  years 
of  data  ending  in  1980. 

If  the  designated  are.i  were  expanded  to  include  West  Germany  south  of  latitude 
48°N  {German  Alps),  the  cold  temperatures  would  decrease  by  10“  to  15°C  (18  to 
270f)  . 

HUMIDITY 


Surprisingly,  the  humidity  listed  for  the  cities  in  source  (1)  ail  have  almost 
ideiiLicai  leiaLive  iiunildity  averages; 


(29) 

Frankfurt 

(27) 

Freiberg 

(28) 

Kassel 

(29) 
Muni ch 

Month 

0630h  1330b 

0630b 

1330h 

0630h  132011 

0700h  14001] 

Jan. 

86 

77 

85 

78 

87 

81 

87 

77 

Feb. 

86 

70 

85 

72 

87 

7  5 

87 

71 

M;ir . 

84 

r  *■’ 

• )  1 

83 

60 

87 

64 

86 

61 

Ap:  . 

79 

51 

80 

5  6 

83 

58 

82 

55 

May 

78 

50 

81 

57 

82 

55 

81 

57 

.1  un  . 

78 

52 

81 

60 

82 

56 

80 

58 

Jnl  , 

81 

53 

80 

58 

85 

58 

81 

57 

Alin 
/  •  v  «  /  ^  • 

85 

54 

84 

59 

88 

57 

8.5 

r,p. 

Sej), 

89 

60 

68 

63 

91 

62 

89 

61 

Oct  , 

91 

c,H 

90 

70 

92 

70 

91 

68 

Nov  , 

8') 

'7  7 

83 

76 

89 

79 

92 

78 

Dec. 

88 

81 

86 

79 

89 

84 

90 

82 
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The  data  report(?d  is  from  source  (1).  The  numher  above  each  city  is  the  number 
of  years  of  data  used  to  obtain  the  reported  averages.  The  extreme  humidity 
siiould  be  taken  as  100%. 


PRECIPITATION 


Source  (3) 
designated 
(elevat ion 


contains  average  monthly 
area.  The  city  with  the 
683m  [2241  ft],  48‘’00'N, 

Month 


Jan . 

Feb. 

Mar . 

Apr . 

May 
Jun . 

Jul  . 

Aug. 

Sep . 

Oct . 

Nov . 

Dec , 

TOTALS 


precipitation  for  104  cities 
highest  annual  precipitation 
9°14'E) : 

Average  Total  Precip. 

cm 

in 

16.7 

6.2 

13.4 

5.3 

9.9 

3.9 

9.5 

3.7 

10.2 

4 .0 

13.7 

5.4 

13.2 

5.2 

13.3 

5 . 2 

11 .8 

4.7 

11.4 

4.5 

12.8 

5.0 

11.2 

4.4 

146.1 

57.5 

within  the 
is  Treiberg 


The  reported  data  is  based  on  a  30  year  period. 
RADIATION 


Source  (4)  contains  radiation  data  for  41  stations  within  the  designated  area. 


; ,  the  greatest 

annual  radiation 

occurs  in  Augsberg,  latitude 

le  10°56'W. 

elevation  461  ni  (1512 

ft).  Data  for  Augsburg  based 

radiatior. 

from 

1966  to  1975  are 

as  follows; 

Mon  til 

Avg .  Daily  Radiaticni 

MJ/m2 

BTU/ft2 

Jan . 

3.9 

347 

Feb . 

6.7 

587 

Mar . 

10.7 

940 

Api  . 

15.1 

1330 

May 

18.6 

1641 

Jun  . 

19.6 

1728 

Jul  . 

20.1 

1774 

Aug . 

1 6 . 5 

1450 

Sep . 

13.6 

1200 

Oct . 

7.9 

699 

M  y 

A  3 

3B2 

Dec . 

3.1 

273 

TOTAL  11.7 

1031 
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SOURCES 


(1)  World  Weather  Guide,  E.A.  Pearce  and  C.G.  Smith, 

New  York  Times  Book  Company,  1984  (ASU  Library) 

(2)  World  Climates,  Willy  Rudloff,  Wissenschaf tl iche 
Verlagsgesellschaf t ,  Stnitgart,  1981  (ASU  Library) 

(3)  World  Climatic  Data.  Frederick  L.  Wernstedt. 
Climatic  Data  Press,  1972  (ASU  Library) 

(4)  European  Solar  Radiation  Atlas,  Volume  1,  W.  Palz, 
Commission  of  the  European  Communi tes , 

Brussels  and  Luxembourg,  1984  (DSET  Library) 
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CHARLESTOWN,  IN 


Location:  Approx.  38°N.  86°W 

Elevation:  Approx.  ISOni 


Charlestown  is  located  in  soutliern  Indiana  about  30km  (19  mi)  north  of  Louisville 
and  the  Ohio  River.  The  average  temperature  is  IS^C  (5fi°F).  the  average  relative 
humidity,  69%.  and  the  average  annual  precipitation  111  cm  (44  in).  The  higlmsl 
and  lowest  temperatures  recorded  (1951-1980)  were  41®C  (105°F)  in  July  of  1954 
and  -29°C  (-20°F)  in  January  of  1963,  respective! y . ^ 

Avg.  Tempera!  ure^  R.H.^  Total  Precip.^  Avg.  Daily  Radial  jon^' 


Mon  til 

Max  . 

Min  . 

Mean 

O 

o 

(cm) 

( MJ . 

■  ) 

lBTt/ft2  ) 

°C 

op 

“C 

"F 

“C 

op 

Jan  . 

5 

41 

-4 

24 

11 

53 

70 

8  . 

6 

3  . 

4 

6 

,  2 

54(i 

Feh . 

7 

45 

V.J 

27 

2 

36 

68 

8. 

2 

3  . 

2 

9 

,  0 

789 

Mar  . 

13 

55 

2 

35 

7 

45 

65 

12. 

0 

4  . 

7 

12 

.5 

1102 

Apr  . 

20 

68 

8 

46 

14 

57 

62 

10. 

4 

4  . 

1 

16 

6 

1467 

May 

25 

76 

13 

55 

19 

65 

67 

10. 

,5 

4  . 

2 

19 

.  5 

1720 

June 

29 

84 

17 

63 

23 

74 

70 

9. 

1 

3  , 

6 

21 

,6 

1904 

July 

31 

88 

20 

68 

25 

78 

71 

10. 

4 

4  . 

.  X 

20 

,9 

1838 

Aug. 

30 

87 

19 

66 

25 

76 

72 

8. 

4 

3  . 

3 

19 

,  1 

1680 

Sep  , 

27 

01 

1 5 

59 

21 

70 

74 

8. 

5 

3  . 

4 

15 

,4 

1361 

Oct  , 

21 

69 

8 

46 

14 

53 

70 

6. 

7 

2  . 

6 

11 

.8 

1042 

Nov  , 

13 

56 

3 

37 

8 

46 

70 

8. 

9 

3  , 

5 

7 

.4 

652 

Dec: . 

7 

4  5 

-2 

29 

3 

37 

70 

8. 

8 

3  . 

5 

5 

,  5 

488 

TOTAL 

1 IG 

1.5 

43  , 

6 

AVERAGES 

19 

66 

8 

4  6 

13 

56 

69 

13  , 

8 

1216 

iTemperaturu: .  humidity,  and  pret  i  pi  tat  i  0!i  data  is  from  p.  451  of  Climate  of  the 
States,  vol  ,  1,  National  Oceanic  and  Atmospheric  Administration,  3rd  ed.,  1985, 
Gale  Research  Company,  Dc.'tioit,  MI  (D.SFT  lihrai'y).  The  weather  station  rep(>rted 
is  Louisville  (38‘'11'N,  8.5‘'44'W,  elevation  145  m  [477  ft]),  about  301<m  (19  mi) 
south  of  Charlestown.  The  averages  and  extremes  for  temijeratui e ,  prec i pi i a i i on . 
and  precipitation  are  based  on  a  23  year  period  ending  in  1980.  Humidity  is 
recorded  at  0100,  0700.  1300.  and  1900  hours.  The  average  daily  humidity  is  the 
mean  of  t)iese  four-  values. 

^The  radiation  data  is  from  p.  91  of  the  Insolation  Data  Mai'ual  ,  Connie  L.  Knui)|i. 
Thomas  .1.  Stolfel,  end  Sltjphen  I).  Whittakei-,  Solar  Energy  Researcli  Institute, 
Golden,  CO,  1980.  Tlie  weatlier  station  reiJorted  is  Louisville,  KY.,  latitude, 
longitude,  and  f;levatioii  as  in  (1)  aljove. 
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MI ESAU,  WEST  GERMANY 


Location:  49N ,  8E 

Elevation:  232  m  (761  ft)4 

Miesau  is  located  in  southwestern  Germany  about  40  km  (25  mi)  northeast  of 
Saarbrucken  (elevation  188  m  [616  ft])  on  the  French  border,  and  about  30  km  (19 
mi)  southwest  of  Kaiserslautern  (elevation  280  m  [918  ft]).  The  estimated 
average  temperature  is  11“C  (51°F),  the  estimated  average  relative  humidity  is 
74%.  and  the  estimated  average  annual  precipitation  is  77  cm  (30  in).  The 
estimated  highest  and  lowest  temperatures  recorded  during  a  30  year  period  are 
38n:  (101“F)  and  -24°C  (-11°F),  respect i vely .  1 

Avg.  Temperature^  R.H.^  Total  Precip.^  Avg.  Daily  Kadiation^ 


Mouth 

Max . 

Min . 

Mean 

% 

(cm) 

(in) 

(MJ,'m2  ) 

(BTt:/ft2  ) 

“C 

“F 

"C 

op 

°C 

0  tr 
i. 

Jan . 

3 

38 

'■2 

29 

1 

34 

82 

7.5 

3,0 

2.6 

232 

Feb . 

5 

41 

-1 

30 

2 

36 

78 

6.3 

2 . 5 

5.5 

484 

Mar . 

1 1 

51 

2 

35 

7 

43 

71 

4.6 

1.8 

9 . 0 

791 

Apr' . 

16 

60 

6 

42 

1 1 

51 

65 

5.5 

2.2 

13.5 

1186 

May 

20 

69 

9 

49 

15 

59 

64 

5.7 

2.2 

17.3 

1523 

June 

23 

74 

13 

55 

18 

65 

65 

6.9 

2.7 

18.6 

164  3 

July 

25 

77 

15 

58 

20 

68 

67 

6.7 

2.6 

18 . 5 

1628 

Aug. 

24 

76 

14 

57 

19 

66 

70 

7.7 

3.0 

15.5 

1366 

Sep . 

21 

69 

1 1 

52 

16 

61 

75 

6.5 

2,6 

11  .9 

1045 

Oct . 

14 

58 

7 

44 

11 

51 

80 

5.8 

2.3 

6.7 

593 

Nov  . 

8 

47 

3 

38 

6 

43 

83 

6.7 

2.6 

3.2 

279 

Dec . 

4 

39 

0 

32 

2 

36 

85 

6.9 

2.7 

2.  1 

188 

TOTALS 

76.8 

30,2 

AVERAGES 

15 

58 

6 

43 

11 

51 

74 

10.4 

915 

iTemperature 

and 

humidity  data  Is 

fi'om  p. 

371  of 

World  Weather  Guide,  E.  A. 

Pearce  and  C 

.  G. 

Smi th , 

New 

York 

Times  Book 

Company,  1984 

(ASIJ  Library).  The 

reported 

weather 

i  s 

for 

Frank!  iir  t 

,  a  full 

150  km 

(93  mi) 

nortbeas  t 

of  Miesau. 

The  closest 

cities 

for 

which 

any 

data  could 

be  found  are 

Kai serlautern  and 

Saarbrucken.  Only  averages  could  be  found  at  these  locations.  A  comparison  oi 
averages  (1942-1972)  for  Ka i ser 1 autern .  Saarbrucken,  Frankfurt,  and  Nancy  (in 
France,  150  km  southwest  of  Miesau)  from  p.  185,  192,  193,  and  19.5  of  Wor  1  d 
Cl j  mn  t i c  Data ,  Frederick  L.  Wernsledt,  Climatic  Data  Press,  1972  (ASG  Library), 
is  as  follows: 
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J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

Kaisei lantern 

0°C 

32“F 

l^C 

33'F 

S'C 

40'F 

s^c 

47°F 

13“C 

55°F 

16"C 

61“F 

IS'C 
64  “F 

17°C 

62“? 

14°C 

57°F 

g^c 

48“F 

S^C 

40“? 

1“C 

34“? 

Saarbrucken 

1“C 
34 'F 

2‘’C 
36  °F 

e^c 

42°F 

10‘C 

50°F 

14°C 

57'F 

17“C 

63‘F 

19“C 

66°F 

18“C 

64'? 

15°C 

59°F 

lO’C 

50"? 

e’c 

42‘-F 

2“C 
36  °F 

Frankfurt 

1°C 

33°F 

2°C 

SS'F 

e^c 

43°F 

lO'C 

51'F 

15°C 

58°F 

18“C 

64°F 

ig^c 

67®F 

19°C 
66  °F 

15°C 

59'F 

10°C 

50°F 

6°C 

42“? 

2''c: 

36“F 

Nancy ,  FR 

1  °C 
34'=F 

2°C 

3e=F 

6°C 

42°F 

g^c 

49°F 

13°C 

56“F 

16“C 

ei'T 

18“C 

65“F 

1R“C 

64“F 

15“C 

59°F 

10“C 

50°F 

S^C 
42“  F 

2“C 

35“? 

Very  complete  data  is  available  for  Frankfurt  and  Nancy.  The  Frankfurt  data  is 
very  similar  to  Saarbrucken  which  is  close  to  Miesau.  The  averages  and  extremes 
are  based  on  a  29  year  period  ending  approximately  in  1980.  The  mean  daily 
temperature  was  taken  to  be  the  average  between  the  maximum  and  minimum 
temperatures.  Humidity  data  at  Frankfurt  was  recorded  at  0630  and  1330  hours.  The 
humidity  reported  is  the  average  of  these  two  values. 

^The  precipitation  data  is  from  p.  195  of  World  Climatic  Data ,  Frederick  L. 
Wernstedt,  Climatic  Data  Press.  1972  (ASU  Library).  The  data  reported  is  for 
Saarbrucken  (elevation  188  m  (616  ft),  about  40  km  (25  mi)  southwest  of  Miesau  and 
covers  the  period  1942-1972.  Saarbrucken  was  chosen  instead  of  Kaiserslautern 
because  Saarbrucken  receives  about  10%  more  precipitation. 

'^The  radiation  data  is  from  F.uropean  Solar  Radiation  Atlas ,  Vol.  1,  W.  Palz,  ed.. 
Commission  of  European  Communities,  1984  (DSET  Library).  The  data  reported  is  for 
Saarbrucken . 

'^Thfc'  elevation  of  Miesau  was  obtained  from  Jasper  Griggs. 
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PINE  BLUFF.  ARKANSAS 


Location:  34“13'W,  92“01'W 

Elevation:  66  ni  (213  ft) 

Pine  Bluff  is  located  in  the  Mississippi  River  valley  in  west  central  Arkansas 
about  75  km  (47  mi)  west  of  the  Mississippi  River  and  50  km  (31  mi)  southeast  ol 
Little  Rock.  The  average  temperature  is  IS^C  (64“!’) .  the  estimated  average 
relative  humidity  is  70%,  and  t)ie  average  annual  precipitation  is  128  cm  (50  in) 
The  highest  and  lowest  temperatures  recorded  (1951-1980)  were  (110°F)  in 

July  and  August  of  1954  and  -18®(;  (-1°F)  in  .lanuary  of  1966,  respectively.! 


Month 

Avg. 
Max . 

Temperature! 

Min.  _ f.ean 

R .  H .  2 
% 

Total 
{ cm ) 

Freci  p . ! 
(in) 

Avg  Daily  Radiation"! 
LMJ/m2)  {BTi;/ft2) 

“C 

oy 

°C 

op 

“C 

op 

Jan . 

12 

53 

1 

33 

6 

43 

70 

11.2 

4.4 

8.3 

731 

Feb. 

14 

58 

2 

36 

8 

47 

67 

11.0 

4.4 

11.4 

1003 

Mar  . 

19 

66 

6 

43 

13 

55 

65 

12.9 

5 , 1 

14.9 

1313 

Apr' . 

25 

76 

12 

53 

18 

65 

67 

13.4 

■r .  3 

18.3 

161 1 

May 

28 

83 

16 

61 

22 

72 

72 

14.3 

5.G 

21 . 9 

1929 

June 

32 

90 

20 

68 

26 

79 

70 

7.7 

3.1 

23.9 

2107 

July 

34 

94 

22 

72 

28 

83 

72 

9.2 

3 . 6 

23,  1 

2032 

Aug . 

34 

93 

21 

70 

28 

82 

71 

7.8 

3.1 

21  .  1 

1861 

Sep . 

30 

87 

18 

64 

24 

75 

74 

9.6 

3.8 

17.2 

1518 

Oct . 

25 

77 

11 

52 

18 

65 

70 

8.1 

3.2 

13.9 

1228 

Nov . 

18 

65 

6 

42 

12 

53 

71 

10.5 

4.2 

9.6 

84  7 

Dec . 

13 

56 

2 

36 

8 

46 

71 

12.0 

4,7 

7.6 

674 

TOTALS 

127.7 

50 . 3 

AVEHAOES 

24 

75 

1 1 

53 

18 

64 

70 

15.9 

1404 

iTemperature 

and 

precipitation  data 

is  from  p,  73 

of  Climates  of  the  Stales,  Vol 

1,  Nation.al 

Oceanic 

and 

Atmos 

pheric 

Adm  i  n. 

j  St  rat  io 

n  Q  r*  H  nr\ 

1  (  ,  »  M  V- 

1  fj  a  5^ 

1  •  r  i  V/  '.■*  v'  1 

Gwl(?  RCoCiiPCii 

Compatiy , 

Detroi t 

,  MI 

(DSF.T  Libi'ary) 

The 

weather 

stal i on 

repor  t  ed 

is  Piiip  Bluff 

The  average.s  and  extremes  for  temperature  and  precipitation  are  based  on  the 
period  1 951  -  1 980 . 

^Humidity  data  is  from  the  same  source  as  (1)  (p.  77)  hut  since  humidity  dat.a  is 
not  published  for  Pine  Bluff,  ttiis  data  is  for  Little  Rock,  AR  (34'  44'N,  52' 
14'W,  elevation  78  m  [257  ft]),  about  50  km  (31  mi)  iiorDiwest  of  Pine  Bluff. 
Humidity  is  recorded  at  0600,  1200,  1800.  and  2400  hours.  The  average  humidity 
is  the  mean  of  these  four  values.  T)ie  averages  are  bastui  on  a  23  yeai  pei  iod 
ending  in  1980. 

^Radiation  data  is  from  p.  28  of  the  I nso 1  at i on  Data  Manual ,  Connie  I,.  Knapp. 
Tiiomas  i,  Clf'tfel  atirl  t)  WhjltMVot-  Splaf  E!;‘‘!'gV  Res‘'a?'C)!  Institute, 

Oolden,  CO,  1980  (ASU  Library),  Ttie  radiation  data  is  fur  Little  Rock. 
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CONCORD.  CA 


Localioa;  36“N,  122“W 

Elevation.  Near  Sea  Level 

Concoril  is  located  in  the  San  Francisco  Ray  area  about  25  km  (16  mi)  east  oi 
Richmond  and  30  km  (19  mi)  northeast  of  Oakland.  The  estimated  avfn'ajje 
temperature  is  IS'C  (58°F),  the  estimated  average  relative  humidity  is  75%,  and 
the  estimated  average  annuai  precipitation  is  56  cm  (22  ir. ).  The  estimated 
highest  and  lowest  temperatures  recorded  during  the  period  1951-1980  were  42"C 
(lOT"!’)  and  -4°C  (24'’F),  respective  1  y .  ^ 


Month 

Avg . 

Max . 

Temperature^ 

Min.  Mean 

R.H.2 

% 

Total 

( cm  1 

Preci  j) .  ^ 

{  i  n ) 

Avg,  Daily  Radiation 
(MJ'm^l  (BTU/ft2) 

°t 

“C 

°F 

°C 

“F 

Jan . 

M 

r>  / 

6 

42 

10 

50 

73 

12.6 

5.0 

6.0 

708 

Feb . 

16 

62 

7 

45 

12 

53 

74 

8.5 

3 . 3 

11.5 

lOlB 

Mar . 

17 

63 

8 

46 

13 

.55 

70 

6.8 

2,7 

1 6 . 5 

1456 

Apr . 

19 

66 

9 

48 

14 

37 

71 

4.4 

1 , 7 

2 1  .  vS 

1922 

May 

20 

69 

1 1 

5 1 

16 

60 

r-* 

i  t 

0.8 

0.3 

25.1 

2211 

June 

21 

70 

12 

54 

17 

62 

80 

0.3 

0.1 

20.7 

2350 

July 

21 

70 

13 

55 

17 

62 

82 

0.2 

0.1 

26.4 

2323 

Aug . 

21 

70 

13 

56 

1 7 

6  3 

82 

0.2 

0.1 

23,3 

2053 

Sep . 

23 

74 

14 

56 

18 

65 

75 

0.8 

0,3 

19.3 

1701 

Oct . 

22 

72 

12 

53 

.17 

63 

69 

3.1 

1  .2 

13.8 

1212 

Nov , 

18 

65 

9 

48 

1  3 

56 

73 

7.2 

2.8 

9.3 

822 

Dec . 

15 

58 

6 

43 

10 

5.1 

72 

10.6 

4.2 

7.3 

647 

TOTALS 

55.5 

21.8 

AVERAGES 

19 

66 

10 

50 

15 

58 

7  ':> 

17,4 

153.5 

^Temperature  and  precipitation  data  is  1 1 oni  p.  112  of  Climates  of  the  States , 

Vol .  1,  National  Oceanic  and  Atmosplieric  Adminisfrat  ion ,  3rd  ed .  ,  1985,  Gale 
Research  Company,  Detroit,  MI  (DSL'l  .tiliiary).  The  weather  station  reported  is 
Richmond  (37'  5G'N,  122''  21'VV,  elevation  17  m  [55  ft])  about  25  km  (16  mi)  west 
of  Concord.  The  averages  and  extremes  fur  temperature  and  precipitation  are 
based  on  the  period  1951-1980. 

^Humidity  data  is  from  the  same  source  as  (1)  (p.  129;,  but  since  humidity  data 
is  not  pulilished  for  Richmond,  this  data  is  for  San  Francisco  (Mission  Dolores, 
elevation  22m  [75  ft],  37“  46'N.  122“  26'W),  ahout  40  kni  (25  mi)  southwest  of 
Concord.  Humidity  is  recorded  at  0100,  1000.  1600.  and  2200  hours.  The  average 
humidity  is  the  mean  of  these  font  values.  The  aveiage.s  are  based  on  the  pet  rod 
1951  -  I960 , 


'^Radiation  data  is  froni  p.  39  of  the  1  nso  1  at  i  t)!i  Pat  a  Mamia  1  ,  Connie  L,  Kiittpi; . 
Tliotnas  L.  Stoffel,  arid  Stephen  D.  Wliiltaket  .  SoJai  Eneigy  Keseracli  liisttlnte. 
Golden,  CO,  1980  (A-SU  Library).  Toe  radiation  data  is  (or  Oakland,  CA ,  about  30 
km  (19  mi)  soutliwesl  of  Coiicorti. 
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CANAL  ZONE.  PANAMA 

Location:  9°N.  80°W 

Elevation:  Near  Sea  Level 

The  Canal  Zone  in  Panama  is  at  the  southeastern  tip  of  Central  America 
about  320  km  (200  mi)  northwest  of  the  Columbian  border.  The  average 
annual  temperature  is  27°C  (80°F),  the  average  relative  humidity  is  88'^i. 
and  the  average  annual  precipitation  is  177  cm  (70  in).  The  highest  and 
lowest  temperatures  re-corded  during  a  34  year  period  ending  in  1980  were 
36°C  (97®F)  and  17°C  (GS'F).  respectively.^ 

Average  Temperature^  R.H.-  Total  Precip.-  Avg.  Daily  Radiation'^ 


Month 

Max . 

Min 

Mean 

(!),) 

( cm ) 

( in ) 

(MJ/m2)  (B 

Tf  'ft^  1 

“C 

=  F 

“C 

“F 

“C 

“F 

Jan . 

31 

88 

22 

71 

27 

80 

86 

9.2 

3.6 

18.9 

1663 

Feb . 

32 

89 

22 

71 

27 

80 

83 

4.2 

1.7 

20.5 

1803 

Mar . 

32 

90 

22 

72 

27 

81 

80 

3.0 

1 .  2 

20.4 

1799 

Apr . 

31 

87 

23 

74 

27 

81 

81 

14.3 

5 .  G 

18.7 

1648 

May 

30 

86 

23 

74 

27 

80 

88 

33.1 

13.0 

15.3 

1349 

Jun . 

31 

87 

23 

74 

27 

81 

90 

35.4 

13.9 

13.3 

1169 

Jul . 

31 

87 

23 

74 

27 

81 

91 

34.5 

13.6 

14 . 7 

1298 

Aug. 

30 

86 

23 

74 

27 

80 

91 

37.8 

14.9 

14.2 

1254 

Sep . 

29 

85 

23 

74 

26 

80 

91 

30.1 

11.9 

14.0 

1231 

Oct . 

29 

85 

23 

73 

26 

79 

91 

41.8 

16.5 

13.3 

1176 

Nov . 

29 

85 

23 

73 

26 

79 

92 

48.5 

19.1 

13.9 

1228 

Dec . 

31 

87 

23 

73 

27 

80 

90 

26.1 

10.3 

16.7 

1475 

Totals 

318.0 

125,3 

Averages 

o  - 

o  a 

87 

23 

73 

27 

80 

88 

16.2 

1424 

^Temperature . 

humidity 

and 

precipitation  data  is  from  p.  196  of 

World 

Weather  G_ui^de 

,  E.A 

.  Pearce 

and 

C.G 

.  Smith. 

New  York 

Times  Book 

Company . 

1984  (ASU 

Library) 

The  reported 

weather 

is  for  Balboa  Heights 

.  Panama 

(8°  57 'N. 

79“ 

33 'K 

,  elevation 

33m 

[118  ft. 

1 ) .  The 

averages  and 

extremes 

for  temperature  and  humidity  are  based  on  a  34  year  period  ending  in  1980. 
The  mean  daily  temperature  was  taken  to  be  the  average  between  the  maximum 
and  minimum  temperatures.  Humidity  was  recorded  at  0730  and  1930  hours. 
The  humidity  reported  is  an  average  of  these  two  values. 

^Precipitation  data  is  from  a  3-5-87  telephone  call  with  Mr.  Weingarten  of 
the  Tropic  Test  Center,  Fort  Clayton,  Panama.  The  data  presented  is  for 
the  Atlantic  side  of  the  Canal  Zone,  which  receives  about  twice  as  mucli 
rainfall  as  the  Pacific  side, 

^Radial ion  data  is  from  the  same  source  as  note  2  above.  The  data 
presented  is  for  the  Pacific  side  of  the  Canal  Zone  which  receives  more 
radiation  than  the  Atlantic  side. 


YUMA.  ARIZONA 

Location:  32'  40’N.  114'  36'  W 

Elevation:  59  m  (141  ft) 

Yuma  is  located  in  southwestern  Arizona  about  300  km  (185  ml)  southwest  of 
Phoenix.  The  average  temperature  is  23*C  (74'F).  the  average  relative 
humidity  is  37%.  and  the  average  annual  precipitation  is  7  cm  (3  in).  The 
highest  and  lowest  temperatures  recorded  (1951-1980)  were  49'C  (120'F)  in 
August  of  1981  and  -4'C  (24“F)  in  January  of  1971,  respectively . ^ 


Average 

Temperature 

1 

R.H.  1 

Total 

Precip . ^ 

Avg.  Daily 

Radi ation^ 

Month 

Max . 

Min. 

Mean 

(%) 

( cm ) 

( in ) 

(MJ/m'^l  (BTU/ft‘^) 

'C 

'F 

'C 

'F 

'C 

'F 

Jan . 

20 

69 

6 

43 

13 

56 

43 

1.0 

0.4 

12.4 

1096 

Feb. 

23 

74 

8 

46 

16 

60 

40 

0.7 

0.3 

16.4 

1443 

•Mar . 

25 

77 

10 

50 

18 

64 

36 

0 . 5 

0.2 

21.8 

1919 

Apr , 

30 

86 

13 

56 

22 

71 

31 

0.3 

0.1 

27.4 

2413 

May 

34 

94 

17 

63 

26 

78 

29 

0.1 

0.0 

31.0 

2728 

Jun. 

39 

103 

22 

71 

31 

87 

27 

0.0 

0.0 

31.9 

2814 

Jul . 

42 

107 

27 

80 

34 

94 

36 

0.4 

0.2 

27.8 

2453 

Aug. 

41 

105 

26 

80 

34 

92 

39 

1.1 

0.4 

26.4 

2329 

Sep. 

39 

101 

23 

73 

31 

87 

40 

0.6 

0.3 

23.3 

205] 

Oct . 

33 

91 

17 

62 

25 

76 

38 

0.7 

0.3 

18.4 

1623 

Nov . 

25 

77 

10 

50 

18 

64 

41 

0 . 5 

0.2 

13.8 

1215 

Dec . 

21 

69 

7 

44 

14 

57 

46 

0.9 

0.3 

11.4 

1000 

Totals 

Averages 

31 

88 

15 

60 

23 

74 

37 

6.7 

2.7 

21.8 

1924 

^Temperature,  humidity  and  precipitation  data  is  from  p.  54  of  Climates  of 
the  States .  Vol.  1.  National  Oceanic  and  Atmospheric  Administration.  3rd 
ed..  1985.  Gale  Research  Company.  Detroit,  MI  (DSET  Library).  The  weather 
station  reported  is  the  Yuma  International  Airport  (32'  40'N.  114'  36’W. 
elevation  59  m  [194  ftl).  The  averages  and  extremes  for  temperature, 
precipitation  and  humidity  are  based  on  the  period  1951-1980.  Humidity  is 
recorded  at  0500.  1100,  1700,  and  2300  hours.  The  average  daily  humidity 
is  the  mean  of  these  four  values. 

^The  radiation  data  is  from  the  Insolation  Data  Manual .  Connie  L.  Knapp. 
Thomas  J,  Stoffel,  and  Stephen  D.  Whittaker,  Solar  Energy  Research 
Institute.  Golden,  CO.  1980.  The  weather  station  reported  is  the  Yuma 
Internationa]  Airport. 
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NEW  ORLF.AN’S.  LOUISIANA 

Location:  30'N.  QO'K 

Elevation:  Sea  Level 

New  Orleans  is  located  near  the  southern  end  of  the  Mississippi  River  on 
the  Gulf  of  Mexico  in  southern  Louisiana.  The  average  temperature  is  20‘'C 
(68°?).  the  averatre  relative  humidity  is  76^.,.  and  tlu;  average  annual 
precipitation  is  132  cm  (60  in).  The  highest  and  lowest  tenioeratures 
recorded  (1951-1980)  were  SO'C  (102“F)  in  August  of  1980  and  -10°C  (14"F) 
in  December  of  1983.  respectively . ^ 

Average  Temoeraturel  R.H.^  Total  Precip.^  Avg,  Daily  Radiation^ 


Month 

Max 

Min 

Mean 

a 

( cm ) 

(in  ) 

(MJ/m2 ) 

(  BTU  f 

'C 

cp 

'C 

'F 

'C 

op 

Jan . 

17 

62 

6 

43 

11 

52 

77 

12.6 

5.0 

9.5 

835 

Feb. 

18 

65 

7 

45 

13 

55 

69 

13.3 

5.2 

12 . 6 

1112 

Mar . 

22 

71 

11 

52 

16 

61 

73 

12.0 

4.7 

16.1 

1415 

Apr . 

26 

79 

15 

59 

20 

69 

74 

11.4 

4.5 

20.2 

1780 

Mav 

29 

83 

19 

65 

24 

75 

75 

12 . 9 

5 . 1 

22.3 

1968 

Jun . 

32 

90 

22 

71 

27 

80 

76 

11.7 

4.6 

22.7 

2004 

Jul  . 

33 

91 

23 

74 

28 

82 

80 

17.1 

6.7 

20.6 

1814 

Aug . 

32 

90 

.'’3 

73 

28 

82 

80 

15.3 

6.0 

19.5 

1717 

Sep . 

30 

87 

21 

70 

26 

79 

79 

14.9 

5 . 9 

17.2 

1514 

Oct . 

26 

80 

1  5 

59 

21 

69 

76 

6.7 

2 . 7 

15.2 

1335 

Nov . 

21 

70 

10 

50 

16 

60 

70 

10.3 

4.0 

11  .0 

973 

Dec . 

18 

64 

7 

45 

13 

55 

77 

13.4 

5.3 

8.8 

779 

Totals 

151.6 

59 . 7 

Averages 

25 

78 

15 

60 

20 

68 

76 

16.3 

1437 

^Temperature,  humidity,  and  precipitation  data  is  from  p.  472  of  Climates 
til?  States .  Vol.  1.  National  Oceanic  and  Atmospheric  Administration.  3rd 
ed..  1985.  Gale  Research  Company.  Detroit.  .MI  (DSET  Library).  The  weather 
station  reported  is  the  New  Orleans  International  Airport  (29'  59'N.  90' 

15'  W.  elevation  1  m  [4  ft]).  The  averages  and  extremes  for  temperature, 
precipitation  and  humidity  are  based  on  the  period  1951-1980.  Humidity  is 
recorded  at  0600.  1200.  1800  and  2400  hours.  The  average  dally  humidity  is 
the  mean  of  these  four  values. 

^The  radiation  data  is  from  the  Insolation  Data  Manual .  Connie  L.  Knapp. 
Thomas  J.  Stoffel.  and  Stephen  D.  Whittaker.  Solar  Energy  Research 
Institute.  Golden.  CO.  1980.  The  weather  station  reported  is  the  New 
Orleans  Internationa]  Airport. 
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AJvCHORAGF. .  ALASKA 

Location:  61°N,  149°K 

Elevation:  Near  Sea  Level 

Anchorage  is  located  on  Cook  Inlet  off  the  Gulf  of  Alaska  along  Alaska's 
southern  edge.  The  average  temperatur^:-  is  2^C  (35'’F).  the  average  relative 
humidity  is  71^.  and  the  average  annual  precipitation  is  39  cm  (15  in). 

The  highest  and  lowest  temperatures  recorded  (1951-1980)  were  29°C  (85°?) 


in  June 

of 

1969  and 

37°C 

(  -34“^ 

F )  in 

January 

of  1975 

,  respectively . 1 

Average 

Temperature^ 

R.H.l 

Total 

Precip . ^ 

Avg.  Daily 

Radiat ion- 

Month 

M^ 

Min 

Mean 

\ 

( cm ) 

(in) 

(M.5  ■m2  ) 

(BTf  'ft2 ) 

<=1 

r**  ^  p 

■^c 

cj.. 

°C 

cp 

Jan . 

-7 

20  - 

14 

6 

-11 

13 

71 

2.0 

0.8 

1  .  4 

122 

Feb. 

-4 

26  - 

12 

10 

-  8 

18 

71 

2.4 

0.9 

3 , 8 

334 

Mar . 

0 

32  - 

9 

16 

-  5 

24 

67 

1.8 

0.7 

8.C 

759 

Aor . 

6 

43  - 

2 

28 

2 

35 

65 

1  .  7 

0 . 7 

14  .  2 

124  8 

Mav 

12 

54 

4 

38 

8 

46 

62 

1.4 

0.6 

18.0 

1583 

J  un . 

17 

62 

8 

47 

12 

54 

66 

2.7 

1  .  1 

19 . 9 

175: 

Jul  . 

18 

65 

11 

51 

15 

38 

71 

5.0 

2 . 0 

18.1 

1598 

Aug . 

17 

63 

10 

49 

13 

5G 

75 

5.4 

2  .  1 

13.5 

1189 

Sep . 

13 

55 

5 

41 

9 

48 

76 

6.2 

2.4 

9.0 

791 

Oct . 

5 

41  - 

2 

28 

1 

35 

75 

4 . 4 

1  .  7 

5 . 0 

437 

Nov . 

-  2 

28  - 

9 

15 

-  6 

22 

77 

2.8 

1  .  1 

2.0 

175 

Dec . 

-  6 

20  - 

14 

7 

-10 

14 

75 

2.8 

1  .  1 

0.7 

64 

Totals 

38.6 

15,2 

Averages 

6 

42  - 

2 

28 

2 

35 

71 

9.5 

838 

^Temperature,  humidity,  and  precipitation  data  is  from  p.  27  of  Cl imates  of 
the  States .  Vol .  1.  National  Oceanic  and  Atmospheric  Administration,  3rd 
ed .  .  198,'.  Gale  Research  Company.  Detroit.  MI  (DSET  Library).  The  weather 
station  reported  is  the  Ancfiorage  International  Airoort  (61'^  lO'N.  150‘' 

01  W.  elevation  35  m  [114  ft]  I.  The  averages  and  e.xtremes  for  temperature, 
precipitation,  and  humidity  are  based  on  the  period  1955-1980.  KuniJuitx  is 
recorded  at  0200,  0800  1400.  and  2000  hours.  The  average  daily  humidity 

is  the  mean  of  these  four  values. 

^The  radiation  data  is  from  p.  13  of  the  Insolation  Data  Manual ,  Connie  L. 
Knapp,  Thomas  J.  Stoffel,  and  Stephen  D.  Whittaker.  Solar  Energy  Research 
Institute,  Golden  CO.  1980.  The  weather  station  reported  is  Homer,  Alaska 
(59‘  38'N,  151”  30'W,  elevation  22  m  [72  feet]).  160  km  (100  mi)  southwest 
of  Anchorage. 
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FAIRBANKS.  ALASKA 


Location:  65®N.  147°W 

Elevation:  133  m  (436  ft) 

Fairbanks  is  located  in  central  Alaska  about  200  km  (125  mi)  south  of  the 
Arctic  Circle.  The  average  temperature  is  -3°C  (26°F),  the  average 
relative  humidity  is  63%.  and  the  average  annual  precipitation  is  26  cm  (10 
in).  The  highest  and  lowest  temperatures  recorded  (1951-1980)  were  36°C 
(96°F)  in  June  of  1969  and  -52°C  (-62“’F)  in  December  of  1961. 
respectively . ^ 


Average 

Tempera- 

ture^ 

R.H.  1 

Total 

Precip . ^ 

Avg.  Daily 

Radiation 

Month 

Max 

Min 

Mean 

% 

( cm ) 

( in ) 

(MJ '  m2  ) 

(BTi;  ft2) 

°C 

°F 

°C 

°F 

°C 

°F 

Jan . 

-20 

-  4 

-30 

-22 

-25 

-13 

66 

1.3 

0 . 5 

0 . 3 

30 

Feb. 

-14 

7 

-26 

-15 

-20 

-  4 

63 

1 . 1 

0.4 

2.5 

221 

Mar 

-  6 

22 

-20 

-  5 

-13 

9 

59 

1.0 

0.4 

7 . 7 

674 

Apr . 

5 

41 

-  7 

20 

-  1 

30 

55 

0.7 

0,3 

13.5 

1194 

May 

15 

59 

3 

37 

9 

48 

48 

1.4 

0.6 

18.2 

1604 

Jun . 

21 

70 

9 

49 

15 

59 

55 

3.4 

1.3 

19.9 

1752 

Jul . 

22 

71 

11 

52 

16 

62 

64 

4 . 5 

1.8 

17,5 

1543 

Aug. 

19 

67 

8 

47 

14 

57 

67 

4.7 

1.9 

12.7 

1118 

Sep . 

12 

54 

2 

35 

7 

45 

68 

2.8 

1  .  1 

8.1 

709 

Oct . 

0 

33 

-  8 

18 

-  4 

25 

72 

1.9 

0.7 

3.3 

293 

Nov . 

-11 

12 

-20 

-  5 

-16 

4 

71 

1  ,  7 

0.7 

0.8 

7  4 

Dec . 

-19 

-  2 

-28 

-18 

-23 

-10 

67 

1.9 

0.7 

0.0 

3 

Totals 

26.4 

10.4 

Average 

1  _ 

s  2 

36 

-  9 

16 

-  3 

26 

63 

8 . 7 

768 

^Temperature,  humidity  and  precipitation  data  is  from  p.  31  of  Climates  of 
States .  Vol.  1.  National  Oceanic  and  Atmospheric  Administration.  3rd 


ed,.  1985.  Gale  Research  Company.  Detroit.  MI  (DSET  Library).  The  weather 
station  reported  is  the  Fairbanks  International  Airport  (64°  49'N.  147°  52’ 
W.  elevation  133  m  [436  ft]).  The  averages  and  extremes  for  temperature, 
precipitation  and  humidity  are  based  on  the  period  1951-1980.  Humidity  is 
recorded  at  0200.  0800.  1400.  and  2000  hours.  The  average  daily  humidity 
is  the  mean  of  these  four  values. 

^The  radiation  data  is  from  p.  11  of  the  Insolation  Date  Manual .  Connie  L. 
Knapp.  Thomas  J.  Stoffel.  and  Stephen  D.  Whittaker.  Solar  Energy  Research 
Institute.  Golden.  CO.  1980,  The  weather  station  reported  is  the  Fairbanks 
International  Airport. 
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APPENDIX  C 

ARIZONA  ENVIRONJIBNTAL  CONDITIONS 
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LABORATORIES,  INC. 


Box  1650 

Black  Canyon  Stage  I 
Phoenix,  Arizona  B5029 

Telephone:  602-465-7356 
TWX:  910-950-4681  DSET  PHX 


THE  WEftTHER  «T  NEU  RIVER,  <:)RI20Nft  NOVEMBER  1967 


DATE 

TEK>tRATljRE 
(degrees  C) 
HIGH  LDU  fEPti 

hWIDITY 

(%) 

hIG-,  LOW  lEAH 

TOTftL 

A5 

u.G. 

A5 

solAD  radian^  exposure 

TOTfL  UV  TDTfL 

34  34  5 

TOTA- 

TRACK 

TGTP._ 

EWAQUH 

UV 

EWAQuA 

TIKE 

inr) 

RhI'^ 

icrc) 

AV3. 

PINE 

{■(jf.i'n 

SK' 

CuNl'. 

1 

20 

lA 

17 

92 

76 

66 

9.7 

6.5 

6.6 

0,4A 

4.6 

10.4 

0 

0.00 

idt  & 

-  .  ^ 

2 

21 

lA 

17 

92 

67 

61 

13.6 

11.7 

12.0 

0.60 

10.0 

16.4 

50 

1.33 

5.* 

0.0 

b.  ^ 

3 

25 

lA 

19 

67 

A2 

69 

24.5 

20.9 

23.1 

0.90 

13,6 

30.4 

'92 

5.13 

0. 0 

0.0 

1.^ 

LL» 

A 

29 

lA 

22 

76 

IS 

45 

22.6 

19,2 

21.6 

0.62 

13.7 

27.7 

.45 

3.66 

0.6 

0.0 

10.5 

ClR 

5 

22 

12 

16 

92 

56 

84 

9.5 

6.0 

8.6 

0.42 

4.1 

6,8 

4i 

1.09 

12.9 

b 

7.0 

b 

22 

11 

15 

92 

46 

79 

16. 3 

15.6 

17.1 

0.7; 

15.7 

20.7 

69 

2,35 

3.9 

0.0 

ti.t 

S" 

7 

21 

10 

15 

91 

53 

75 

2v.l 

20.6 

22.4 

0.83 

13.9 

30.: 

169 

4.45 

0.0 

0.0 

7.7 

e 

25 

11 

16 

67 

25 

50 

25.6 

21.9 

23.8 

0.66 

14.6 

3i.b 

196 

5.20 

0.0 

0.0 

1..3 

s 

25 

lA 

19 

50. 

16 

34 

25.3 

21.7 

23.7 

0.65 

14.6 

3i.7 

192 

5.0* 

0.0 

0.0 

10.: 

le 

2G 

13 

20 

A3 

lA 

25 

24. 3 

20.7 

22.6 

0.80 

14.1 

30.6 

174 

52 

0.0 

0.0 

9.2 

C.R 

11 

25 

12 

16 

AA 

20 

35 

25.3 

21,7 

22.8 

0.63 

14.3 

32.3 

196 

5,09 

0.0 

0.0 

10.3 

Clv 

12 

2S 

13 

16 

A2 

lA 

30 

26.0 

22.2 

24.  A 

0.83 

14.5 

33.1 

206 

5.36 

0.0 

0.0 

10.9 

C.R 

13 

23 

10 

16 

51 

2A 

39 

16.1 

13.6 

15.6 

0.56 

10.9 

1S.7 

66 

1.70 

0.0 

0.0 

7.^ 

SC' 

lA 

19 

10 

lA 

61 

40 

57 

13.5 

11.5 

13,0 

0.52 

7.1 

15,5 

53 

1.34 

1  a  L 

0.0 

6.  . 

ESN 

15 

17 

6 

11 

6S 

20 

39 

25.8 

£2.0 

24.2 

0.61 

13.7 

22.6 

200 

5.10 

0.0 

0.0 

5.4 

C_R 

16 

IB 

6 

11 

60 

21 

A0 

24. 9 

£1.3 

23.4 

0.78 

13.6 

31.4 

197 

4.99 

0.0 

0.0 

6.0 

C.4 

17 

19 

7 

11 

51 

21 

41 

13.2 

11.3 

12.7 

0.49 

9.1 

15.5 

46 

1,22 

0.0 

0.0 

7.3 

BK4 

IB 

22 

11 

15 

43 

lA 

22 

26,4 

£2.6 

24.6 

0.79 

14.2 

33.5 

70 

1.76 

0.0 

0.0 

16.3 

CuR 

19 

26 

lA 

19 

2A 

12 

16 

26.  A 

22.6 

24. 6 

0.79 

14.0 

33.6 

142 

3.55 

0.0 

0.0 

tr  ^ 

C_R 

20 

27 

13 

16 

2A 

12 

16 

26.4 

22.5 

24.4 

0.80 

13,9 

3^a  3 

210 

5.16 

0.0 

0.0 

Id.b 

C.R 

21 

22 

9 

15 

A1 

15 

2A 

24.9 

21.5 

23.3 

0.7b 

13.3 

31.2 

196 

4.67 

0.0 

0.0 

7,9 

LL» 

22 

22 

e 

1* 

A0 

21 

3A 

24.  A 

£0,9 

22.6 

0.75 

12.9 

30.7 

204 

5,07 

0.0 

e.e 

6.9 

ClR 

23 

22 

9 

lA 

A5 

19 

35 

9.  A 

8,1 

9.0 

0.33 

6.0 

10,9 

41 

1,00 

0.0 

0.0 

6.7 

B-SN 

2A 

23 

9 

lA 

49 

17 

35 

24.9 

21.2 

23.2 

0,73 

13.0 

31,2 

161 

4,43 

0,0 

0.0 

l;.0 

CuR 

25 

IB 

5 

11 

56 

16 

36 

2A.2 

20.7 

22.5 

0,70 

12.6 

30.6 

204 

4.98 

0.0 

0.0 

10.5 

C.R 

2S 

16 

6 

10 

A3 

20 

35 

24,8 

21.2 

25.0 

0.72 

12.6 

30.6 

0 

0.00 

0.0 

0.0 

10.0 

ClR 

27 

20 

7 

12 

A3 

16 

31 

25.1 

21,5 

23.3 

0,74 

12.9 

31.7 

219 

5.31 

0.0 

0.0 

11.4 

ClR 

2B 

20 

e 

13 

35 

17 

27 

26,1 

22.3 

19.0 

0.67 

11.9 

27.0 

150 

3.63 

e.e 

0.0 

i:.2 

C.R 

29 

17 

3 

10 

A9 

27 

38 

22.6 

19.  A 

21.0 

0.66 

12.0 

27.9 

174 

4.16 

0.0 

0.0 

7.0 

ClR 

30 

IB 

5 

11 

50 

23 

39 

21.9 

16,7 

20.5 

0.66 

U.6 

26.4 

171 

4.06 

0.0 

0.0 

6.5 

C.R 

total 

649.6 

555.5 

600.0 

£1.17 

363.6 

796.5 

4180 

105,65 

36.5 

AVG, 

22 

10 

15 

58 

27 

A3 

21.7 

16.5 

20.0 

0. 71 

12.1 

26.6 

139 

3.53 

9.5 

YEAR  TO  DATE  TOTALS 

7303.1 

6250.5 

7602.7 

333.84 

7011.0  10583.2 

57661 

1642.09 

239.8 

17.1 

6I0MI  totii  aeasurwents  recoroeo  using  tooiey  PSP  PyrarKweiers.  -ai ;  n 

Global  aeasureiients  recorcec  using  Eopley  TuVR  (i3G3  na). 

B#W3Ufl  total  Kasureaents  coaoutw  using  airect-noraai  •easu’^merts  frcr  Espiey  SP  Py-nelioiriEter, 

DWAQlIP  UV  seasureaents  coaoucec  using  DSET  ultraviolet  sKy  socei. 

To  conven  froa  W/aE:  to  langi^ys,  oivioe  M/m?  oy  0.«A;64. 

- —  Not  avaiiaoie. 
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LABORATORIES,  INC. 


Box  1850 

Black  Canyon  Stage  I 
Ptieanix,  Arizona  8S029 

Telephone:  602-465-73S6 
TWX:  910-9SO-4681  PSET  PHX 


THE  WEATHER  AT  NEW  RIVER.  ARIZONA 


DECEMBER  1937 


DftTE 

"tHPESATURE 
(Degrees  l) 
hlGn  LO  NGAN 

rtualDlTy 

(%) 

HlSn  lOW  lEAh 

TQTpL 

45 

u.B. 

45 

SOLAS  RADIAhl  EXPOSuSS 

total  uv  total 

34  34  5 

(«J/a2! 

total 

track 

TDTfL 

ENKAuliA 

UV 

EkWAQuA 

; 

rain 

(c«) 

AV‘3. 

wlNl 

twri/Tr 

SK' 

COsL. 

1 

IB 

9 

12 

44 

25 

3Q 

22.7 

19.4 

21.2 

0.G6 

12.0 

27,6 

191 

4.53 

0.0 

0.0 

7. 1 

i 

2: 

11 

15 

41 

20 

32 

22.0 

16.6 

20.6 

0.67 

11.5 

27.4 

161 

3.78 

0.0 

0.0 

a, « 

3 

10 

IG 

45 

19 

35 

23.4 

20.0 

21.6 

0.7i 

12.0 

26.8 

196 

4.60. 

0.0 

0.0 

10.0 

L-  ^ 

4 

15 

6 

11 

96 

61 

60 

9.4 

6.0 

5.4 

0.3G 

6.7 

10.7 

43 

..00 

15.0 

0.0 

10.0 

5 

19 

9 

13 

93 

5i 

75 

14.9 

12.7 

13.9 

8.49 

5.7 

17.6 

54 

1.24 

6. 9 

0.0 

6.9 

ito  ' 

G 

20 

7 

13 

69 

43 

70 

23.5 

20.1 

21.6 

0,69 

10.5 

29.4 

204 

4.64 

0.0 

0.0 

7.7 

7 

IB 

7 

13 

84 

4G 

6B 

23. 4 

20,0 

21.6 

8,67 

11.4 

29.2 

-.98 

4.50 

0.0 

0.0 

6.0 

to_’\ 

B 

20 

6 

12 

74 

19 

44 

16.7 

16.0 

17.5 

0.57 

10. 1 

22.4 

129 

2.91 

0.0 

0.0 

a  c 

-'I  to 

9 

19 

7 

12 

52 

26 

42 

21.9 

l6.7 

20.3 

i.SP 

11.3 

26.6 

i79 

4.00 

0.0 

0.0 

6.: 

zy 

IB 

23 

10 

15 

G2 

26 

43 

23.6 

20.3 

21.9 

0,G9 

11.6 

29.9 

160 

4.00 

0.0 

0.0 

6. 6 

toto 

11 

2G 

6 

15 

G7 

26 

49 

23.2 

19.9 

21.3 

8.69 

n.4 

28.9 

204 

4.53 

0.0 

0.0 

6,9 

toto^ 

13 

IB 

4 

12 

58 

20 

34 

24.4 

20.9 

22.4 

8,69 

11.9 

26.9 

209 

4.56 

0.0 

0.0 

13, 2 

13 

5 

0 

3 

87 

31 

60 

6.1 

e  ' 
Wa  C 

0.  G 

0.30 

6.1 

7,5 

0 

0.80 

0.0 

0.0 

9.7 

L'Vto 

14 

11 

-1 

4 

64 

36 

63 

19.5 

16.7 

16.2 

0.6l 

10.2 

23.6 

146 

3,21 

0.0 

0.0 

6, 2 

sy 

15 

14 

4 

6 

49 

23 

36 

21.0 

17.9 

19.G 

0.63 

10.9 

25.3 

156 

3.36 

0.0 

0.0 

6.  4 

C  *  " 

IG 

16 

7 

10 

4G 

25 

37 

6. 1 

5.2 

6.3 

0.29 

6.0 

6.3 

0 

0.00 

0.0 

0.0 

9, 3 

-  *  - 

17 

12 

5 

9 

92 

67 

65 

1.0 

e.s 

0.6 

8.86 

1,0 

1.5 

0 

0.00 

16.9 

0.2 

10.7 

16 

15 

G 

9 

92 

67 

85 

8.7 

7.5 

9.4 

8.40 

7.9 

10.2 

0 

0.00 

3.5 

0.0 

6.5 

19 

11 

G 

e 

94 

B6 

91 

2. 3 

2.0 

2.5 

0. 17 

8.2 

2.6 

0 

0.00 

9.1 

0,0 

4.2 

u‘»I 

17 

4 

9 

93 

45 

75 

21.9 

16.7 

21.3 

0.67 

11.2 

26.4 

195 

4.07 

7.6 

0.0 

6,3 

li." 

2i 

19 

5 

10 

80 

3! 

61 

24.2 

20.7 

22.2 

0.66 

11.7 

29.6 

217 

4.51 

0.0 

0.0 

6.9 

oy 

ii. 

19 

5 

11 

33 

34 

57 

24, 1 

20.6 

22.1 

0.66 

5.6 

30.0 

216 

4.46 

0.0 

0,0 

7.2 

zy 

n 

20 

6 

11 

72 

19 

43 

19.3 

16.5 

16.0 

8.57 

6.6 

23,0 

.19 

2.46 

0.0 

0.0 

6.2 

4  C 

G 

9 

69 

41 

70 

10.4 

6.9 

10.0 

8.40 

6.7 

11.9 

0 

0.00 

0.0 

0.0 

1.1 

SC'" 

'£> 

17 

4 

10 

91 

47 

77 

7,9 

6.6 

7.9 

8.35 

5.9 

6.0 

0 

0.00 

0.0 

0.0 

7.5 

Ov'I 

3G 

16 

G 

10 

55 

24 

35 

14,4 

12.3 

13.7 

0.46 

6.1 

17.3 

63 

1.29 

0.0 

0.0 

Li,  6 

SC’ 

37 

19 

6 

11 

44 

24 

27 

24.4 

20.6 

22.4 

0. 69 

11.2 

30.2 

202 

4, 12 

0.0 

0.0 

6.3 

zy 

38 

16 

7 

11 

57 

33 

45 

16.9 

16.2 

17.6 

8.50 

9.7 

23.6 

71 

1.45 

0.0 

0.0 

6.6 

SC" 

29 

19 

37 

11 

59 

19 

37 

24.6 

21,1 

22.6 

0. 67 

11.9 

30.3 

213 

4.54 

0.0 

0.0 

9.2 

C'tort 

38 

13 

0 

G 

60 

31 

56 

19.9 

17.0 

16.7 

8.6; 

10.8 

23.6 

146 

3.01 

0.0 

0,0 

7.0 

SCI 

31 

14 

25 

e 

G5 

20 

34 

14.0 

11.9 

13.2 

0.45 

6,7 

16.7 

17 

0.34 

0.0 

0.0 

14.5 

TOTAL 

548,0 

461.6 

501.4 

16.77 

275.7  657.6 

3717 

60.95 

56.8 

0.2 

AVS.  17  6  11 

72  35  55  17,4 

14.9 

16.2 

0.54 

6.9  21.2 

120 

2,6i 

6.4 

YEAR  TO  DATE  TOTf^ 

7643.1 

6712.1 

6114.1 

350,61 

7287.7  11240.6 

61596 

1723.04 

296.6 

Bi 

GIomI  total  acasurcoents  recoroed  using  EddIcv  PSP  Pvranoaeters,  Part  fl 

Gloual  i/y  aeasurewnts  recoroetl  using  Eoslry  TIWR  ((383  na). 

OlWiUft  total  aeasureaents  coaoutec  using  aireci-noraal  aeasureaents  troa  EddIcv  MP  Pvmehceeter, 

EJtNWUfl  LW  aeasureaents  coaouteo  using  DSC  -iltravio-et  sky  aocel. 

To  convert  froa  ni/wi  to  lancievs.  civioe  kj/at  ov  i.Wifca, 

—  l«t  avaiiaoie. 
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LABORATORIES,  INC, 


Bwji  1B50 

Black  Canyon  Stage  I 
Phoenix,  Arizona  85029 

Telephone:  602-465-7356 
TWX:  910-950-4681  DSET  PHX 


THE 

WEftTHER 

AT 

NEW  RIVER, 

ARIZONA 

JANUARY 

1988 

TEP.PERATliSE 

rtLtrtlDITY 

SQ-AR  RAD1A:(*  E 

XADSjRE 

i^.JrriE) 

hv3. 

WTt 

loecrees 

Ci 

(*) 

total 

u.G. 

TO'fL 

UV 

■^QTA. 

TO^fL 

•QTA. 

■jV 

’lYE 

rain 

w!ND 

SKI 

mI6m 

lOw 

YEAN 

HIBb 

LiJk 

mean 

45 

45 

34 

34 

5 

TRACK 

Efl4A3dA 

E'^XASlA 

i*"'  ! 

;cfrj 

CCnC, 

15 

7 

18 

23 

16 

28 

;9.2 

16.4 

16.8 

8.59 

18.5 

22.2 

61 

1.24 

8.8 

c.{ 

28, ; 

b,. 

£ 

16 

5 

9 

57 

28 

31 

19.2 

16.4 

17.9 

8.59 

18.1 

26.4 

115 

2.  44 

8.8 

0.8 

il.  ^ 

3 

16 

3 

18 

58 

3d 

46 

16.4 

14.1 

15.5 

8.53 

9.1 

15.5 

12l 

2.47 

0.8 

8.8 

7.4 

sr 

A 

21 

18 

14 

47 

19 

36 

11*3 

9.6 

18.9 

8. 44 

7.9 

11.5 

18 

8.37 

0.8 

8.8 

7.4 

SC’ 

5 

15 

9 

12 

93 

44 

67 

2.7 

2.3 

3.3 

8.28 

4.  1 

2.7 

8 

8.88 

5,9 

8.8 

5.6 

6 

1  J 

5 

S 

93 

66 

65 

17.5 

15.3 

16.4 

8.55 

9.9 

28.6 

116 

2.37 

16. 2 

8.8 

C  • 

«>>t  4 

ZS 

7 

16 

5 

9 

32 

43 

74 

16.3 

15.6 

17.3 

8.56 

7.7 

21.4 

117 

2.36 

6,  2 

8.8 

7, 1 

b 

16 

3 

9 

66 

46 

75 

28.4 

17.5 

16.9 

8.6! 

18.5 

24.1 

15! 

3.86 

8.1 

0.8 

i,  1 

s;: 

9 

16 

b 

18 

55 

34 

62 

23.8 

28.3 

21.9 

8.69 

11.7 

27.1 

192 

3.94 

8.0 

8.8 

7,6 

ClR 

Id 

28 

b 

12 

75 

34 

55 

22. 1 

16.9 

28.7 

8.67 

11.9 

26.5 

167 

8.8 

8,8 

7, 5 

11 

16 

7 

12 

74 

41 

55 

18,3 

6.6 

18.8 

8.41 

7.9 

18.7 

8 

8.88 

8.0 

e.e 

b.5 

&“A 

IE 

28 

6 

12 

71 

17 

37 

24.3 

28.6 

22.4 

8.71 

12.5 

26.4 

285 

4.23 

8.8 

8.8 

13.0 

13 

21 

9 

13 

46 

16 

27 

19.7 

16.6 

16.7 

8.62 

11.3 

23.6 

134 

£.77 

8.8 

8.8 

'  •. 

.C.  i 

SC 

14 

23 

18 

14 

41 

13 

23 

25.3 

21.6 

23.5 

8.73 

12.8 

24.8 

166 

3.46 

8.8 

e.e 

13.  S 

ClR 

15 

16 

6 

12 

69 

24 

34 

6.5 

5.7 

6.6 

8.31 

6.8 

6.5 

8 

8.08 

1.4 

8.1 

6.; 

Qv'C 

16 

16 

6 

18 

93 

68 

62 

12.8 

16.2 

14.9 

8.55 

6.4 

b 

8 

8.08 

9.6 

8.1 

5.9 

17 

14 

6 

9 

94 

68 

68 

2.4 

2. 1 

2.7 

8. 15 

1.3 

1.5 

8 

0.88 

7,3 

8.2 

9.1 

Dv: 

16 

6 

95 

63 

63 

6.3 

5.4 

5.3 

0.26 

4.1 

4.5 

8 

8.88 

l3a£ 

8, 8- 

!4. 1 

r,i  ■“ 

^Vw 

19 

18 

77 

48 

54 

21.3 

18.2 

28.8 

8.78 

18.7 

23.6 

116 

2.49 

8.0 

8.8 

9.6 

C.R 

2« 

11 

1 

5 

62 

28 

39 

19.9 

17.8 

17.2 

0.66 

6.7 

23.5 

17i 

3.68 

8.8 

8.8 

12.6 

C.R 

21 

12 

8 

6 

65 

26 

45 

25.8 

21.4 

22.9 

8.76 

13.8 

29.5 

288 

4.22 

8.8 

8.0 

9.6 

CdR 

22 

15 

6 

18 

37 

IB 

25 

25.6 

22.8 

24.4 

8.79 

13.9 

32.5 

285 

4.36 

8.8 

0.0 

14.0 

C.R 

23 

15 

3 

6 

68 

23 

48 

23.8 

19.7 

22.7 

8.76 

13.  A 

26.7 

187 

3.96 

8.8 

8.0 

7.6 

24 

IS 

2 

11 

77 

16 

32 

25.1 

£1.5 

24.6 

8.79 

13.9 

33..  1 

283 

4,-34 

8,8 

8,0 

!2.6 

Z-H 

25 

21 

6 

12 

55 

15 

27 

25.5 

21.8 

24.8 

8.80 

14.3 

33.1 

166 

3.97 

8.8 

8.8 

l5a  d 

CuS 

£b 

24 

9 

16 

36 

14 

24 

24.4 

28.6 

23.9 

8.68 

14.1 

27.7 

207 

4.44 

8.8 

8.8 

Id, 4 

C.R 

27 

24 

14 

17 

25 

14 

21 

15.2 

13.8 

15.8 

8.62 

11.5 

17.5 

25 

8.54 

8.8 

8.8 

12,! 

BKN 

26 

26 

13 

17 

39 

14 

24 

18.6 

16.1 

16.7 

6.78 

12.0 

23.1 

134 

2,98 

8.8 

8.8 

9.9 

SC’ 

29 

22 

11 

15 

66 

21 

48 

22.6 

19.3 

22.1 

8.77 

13.7 

27.6 

162 

3.97 

8.8 

8.8 

7.6 

C.R 

38 

19 

6 

13 

67 

34 

53 

24.4 

28.9 

23.7 

0.79 

14.3 

27.6 

152 

4.21 

8.8 

8.8 

7,6 

C.R 

31 

16 

5 

11 

66 

34 

53 

16.6 

15.9 

IB.  3 

8.51 

12.2 

23.1 

73 

1.68 

8.8 

8.8 

7,5 

SC' 

TOTftL 

567.7 

465.4 

544.8 

18.70 

323.7 

659.6 

3646 

76.81 

&c.  £ 

8.4 

flVG. 

17 

6 

11 

66 

38 

47 

13.3 

15.7 

17.6 

0.60 

18.4 

21.3 

lie 

2.46 

9.9 

YEAR  TO  DATE  TOTAlS 

567.7 

46.5.4 

544.8 

16.70 

3d3.7 

655.6 

3646 

76,61 

62.2 

8.4 

SiODal  total  Kasurceerits  recoroeo  usins  EoDiey  PSP  Pyranoeeters.  P 

GloDal  lA*  »asur*eents  recoroeP  using  EoDley  tuVS  ((363  not). 

EltIWAJfl  total  ■eaFureeents  coeouteo  using  cirect-noraai  eeasurerents  froM  Eddiev  MF  Pyrneiioneter. 

EMBflCUA  L'.'  ■easureeents  coeouieo  using  DStT  ultraviolet  s<y  aoael. 

7o  convert  froe  W/eE  to  langleys,  oivioe  XJ/eE  oy  6,  84164. 

—  ftot  availaole. 


167 


DSET 

LABORATORIES,  INC. 

Box  1650 

Black  Canyon  Staga  I 
PtwanIx,  Arizona  85029 

Talaphona:  eo2-4e5-7356 
TWX;  910  «0-4eei  DSET  PHX 


THE 

WEHTHER 

AT 

NEW 

RIVER 

,  ARIZONA 

FEBRUARY 

igefi 

TERPERATURE 

HURIDITY 

SOLAR  RADIAKT  EXHJSURE 

(nj/B2) 

UtT 

AVB. 

DATE 

(aegrees  C) 

it) 

total 

U.G. 

TOTAL 

UV 

TQTft. 

TOT  A. 

total 

UV 

TIME 

RAIN 

UIKL- 

SK' 

HIGH 

uOk 

ICAN 

HIGH 

LCU 

CAN  45 

45 

34 

34 

5 

TRACK 

EWAjUft 

EMAQU^l 

(nr) 

(cai 

(Ka/nr) 

CONI. 

1 

15 

6 

11 

59 

4£ 

S3 

£.7 

2.3 

3.3 

0.19 

4.0 

3. 1 

0 

0.00 

23.9 

0.0 

5.* 

ov: 

£ 

17 

10 

12 

92 

52 

72 

3.1 

L6 

4.6 

0.25 

6.6 

3.9 

0 

0.00 

13.7 

0.7 

6.9 

(7.: 

3 

IT 

8 

1£ 

3£ 

55 

80 

20.9 

17.8 

20.7 

0.77 

10.6 

24.0 

156 

3.4T 

12.6 

0.5 

7. 1 

CLR 

4 

IB 

11 

13 

55 

40 

45 

5.5 

4.7 

6.3 

0.33 

3.6 

5.9 

0 

0.00- 

0.0 

0.0 

15.3 

OVL 

5 

£0 

10 

14 

42 

18 

21 

£6.4 

£2.6 

25.1 

0.BS 

14.9 

32.0 

104 

£.36 

0.0 

0.0 

16.3 

CIR 

B 

£0 

4 

12 

72 

£1 

40 

26.6 

£2.7 

25,4 

0.90 

15.7 

34.3 

£22 

5.02 

0.0 

0.0 

9.4 

as 

7 

19 

B 

1£ 

7£ 

40 

SB 

26.5 

22.7 

25.3 

0.69 

15.6 

34.3 

£18 

4.9* 

0.0 

0.0 

7. 7 

CwR 

e 

£1 

11 

IB 

B4 

31 

46 

£6.£ 

22.4 

24.7 

0.89 

15.7 

31.4 

224 

5.10 

0.0 

0.0 

7,9 

9 

25 

1£ 

17 

54 

lb 

34 

26.7 

2Le 

25.3 

0.  S3 

16.1 

32.0 

225 

5. 16 

0.0 

0.0 

10,7 

le 

£4 

9 

lb 

49 

15 

32 

26.3 

22.4 

25.1 

0.91 

15.4 

32.7 

214 

4.95 

0.0 

0.0 

10.3 

11 

2B 

Ic 

17 

30 

13 

21 

27.4 

23.5 

26.1 

0.92 

16.6 

33.9 

107 

£.49 

0.0 

0.0 

15,* 

LLK 

1£ 

£7 

11 

18 

40 

1£ 

21 

27.4 

23.5 

26.4 

0,92 

16.6 

32.4 

228 

5.36 

0.0 

0.0 

1*,1 

c.- 

13 

2£ 

9 

15 

49 

£0 

30 

£6.8 

22.9 

25.6 

6.9i 

16.7 

33.5 

£17 

5.11 

0.0 

0.0 

9.4 

ClP. 

14 

£3 

9 

10 

46 

19 

30 

£6.6 

22.7 

25.5 

0.90 

16.6 

33.9 

4.74 

0.0 

0.0 

12.5 

CLP 

15 

22 

6 

13 

47 

16 

29 

£6.6 

22,7 

25.5 

0.92 

16.8 

33. 6 

208 

4.94 

0.0 

0.0 

10,3 

ClR 

IB 

21 

7 

14 

4B 

16 

29 

£&.£ 

22.4 

25.0 

0.90 

16.6 

29.2 

201 

4.61 

0.0 

0.0 

9.9 

17 

19 

9 

13 

£6 

16 

21 

£6.7 

22.9 

25.4 

0.93 

17.2 

31.7 

£12 

5.07 

0.0 

0.0 

16.5 

ClR 

le 

15 

4 

10 

34 

19 

£2 

11.6 

9.9 

11.8 

0.53 

10.3 

13.4 

36 

0.88 

0.0 

0.0 

10.2 

SC' 

19 

£1 

6 

13 

3B 

15 

£4 

£7.3 

23.4 

26.0 

0.97 

17.9 

27.0 

106 

2.60 

0.0 

0.0 

15.9 

ClR 

£2 

8 

14 

38 

15 

21 

27.7 

23.7 

26,8 

0.99 

18.* 

36.4 

£39 

5.85 

0.0 

0.0 

10.0 

CLP 

£1 

25 

9 

IB 

39 

13 

£4 

£4. 6 

21.0 

24.0 

0.93 

16.9 

30.7 

184 

4.53 

0.0 

0.0 

10,4 

ClR 

££ 

23 

7 

15 

43 

17 

28 

27.4 

23.4 

26,3 

0.99 

18.3 

34.7 

226 

5.62 

0.0 

0.0 

8.0 

ClR 

£3 

25 

9 

IB 

41 

15 

30 

£3.9 

20.5 

23.3 

0.89 

16,8 

28.6 

155 

3.84 

0.0 

0.0 

9,9 

CLR 

£4 

27 

11 

16 

34 

1£ 

22 

25.5 

•21.8 

24.7 

0.96 

17.7 

30.0 

197 

4.89 

0.0 

0.0 

9.8 

ClR 

£5 

£8 

17 

££ 

26 

12 

19 

£0.5 

17.5 

20.3 

1.64 

15.6 

24.5 

115 

2.68 

0.0 

0.0 

5.9 

SCT 

£B 

27 

13 

19 

69 

£4 

41 

e.5 

7.3 

8.4 

0.47 

3.1 

7.2 

0 

0.00 

19.0 

0.2 

10.0 

OVC 

£7 

2B 

12 

19 

87 

£8 

56 

19-4 

16.6 

15.6 

0.62 

6.7 

14.9 

0 

8.00 

£3.9 

0.0 

9.7 

SCT 

28 

£8 

12 

19 

70 

14 

44 

£6.5 

22.7 

26.0 

1.04 

17.5 

35,1 

£14 

5.58 

0.0 

0.0 

6.1 

ClP 

29 

25 

11 

le 

54 

20 

36 

26.8 

22.9 

25.9 

1.05 

19,0 

31.8 

211 

5.41 

0.0 

0.0 

9.6 

clr 

total 

648.3 

554,3 

623.8 

23.56 

416,5 

776.1 

4421 

105.52 

93.1 

1.4 

ftVG, 

2£ 

10 

15 

53 

22 

36 

22.4 

19.1 

21.5 

0.81 

14.4 

26.8 

152 

3.64 

10.8 

YEAR  TO  DATE  TQTIIS 

1216.0 

1039.7 

1168.8 

42.26 

740.2 

1435.9 

8069 

162,33 

155.3 

1.6 

Blow!  total  nasurawnts  recortied  using  Epolfy  PSP  PyranoKter^.  Pan  ft 

GloOal  LV  ■> * g  r5'’'CT*dsd  iising  Eool?y  TIVP  113^?  nai. 

E)*W3lJfl  total  »asur^«wts  cxwutetl  using  flirwt-rcnul  aeasureaents  fro*  Eppley  NIP  Pymelioaeter, 

EJWftOJft  IW  aeasui'tatrits  coaouted  using  DSET  ultraviolet  sky  aooel. 

To  convert  froa  KJ/ac:  to  langleys,  tiivioe  RJ/ac:  by  ft.94iaA. 

—  Not  aval  lade. 


188 


LABORATORIES,  INC. 


Box  1850 

Black  Canyon  Stage  I 
Phoenix,  Arizona  B5029 

Telephone:  602-465-7356 
TWX;  910-950-4681  DSET  PHX 


THE  WEftTHER  OT  NEW  RIVER,  «RI20Nfi  MPRCH  19fia 


TOKRATURE 

HUWIDITY 

SOLAR  RADIANT  EXPOSURE 

(«J/a2) 

WET 

AV3. 

MTI 

(deorees  C) 

TOTAL 

U.G. 

TOTAL 

IN 

TOTAL 

TOTAi. 

TOTAL 

UV 

TINE 

RAIN 

UiNE- 

SKY 

HIGH 

LOU 

NEAN 

HIGH 

LOU 

NEAN 

45 

45 

34 

34 

5 

TRACK 

EWIAOUA 

EMNAQUA 

(hr) 

(cb) 

(wfi/nri 

CQND. 

1 

22 

7 

13 

47 

16 

29 

21.6 

16.6 

21.6 

8.98 

16.5 

26.9 

156 

4.08 

C.t 

e.0 

7.6 

SC'" 

2 

19 

9 

13 

91 

43 

71 

14.7 

12.5 

14.4 

8.69 

15.3 

9.9 

8 

8.88 

14.4 

8.5 

7.5 

m 

3 

19 

6 

11 

32 

56 

82 

P  6 

15.1 

16.9 

8.76 

12.9 

6.4 

91 

2.35 

9.2 

8.1 

7.4 

BKK 

4 

22 

e 

14 

91 

48 

66 

CO.  2 

22.4 

21.2 

8.99 

17,4 

22.7 

179 

4.67 

18.7 

8.8 

7.9 

C.B 

5 

25 

9 

17 

79 

25 

53 

26.5 

22.6 

26.3 

1.86 

16.3 

34.6 

238 

6.86 

8.0 

8.8 

8, ; 

CLR 

6 

25 

11 

16 

68 

16 

41 

26.6 

22.9 

26.6 

1.87 

19.6 

35.1 

236 

6.29 

e.e 

8.8 

9,6 

ClR 

7 

26 

9 

17 

63 

15 

34 

25.6 

22.1 

25.7 

1.85 

19.8 

32.6 

214 

5,64 

8.0 

8.0 

13.0 

CuR 

8 

23 

18 

15 

19 

13 

16 

26.9 

24.7 

28.4 

1.12 

21.6 

35.3 

1% 

5,18 

8.0 

8.8 

16,9 

C,.R 

9 

24 

6 

16 

21 

13 

16 

26.8 

23,9 

27.8 

1.89 

21.4 

35. 7 

255 

6.74 

8.8 

8.8 

9.7 

CLR 

le 

19 

7 

14 

28 

15 

16 

29.8 

24.6 

26.7 

1.14 

22.1 

37.2 

265 

7.86 

8.8 

8.8 

14,1 

ClR 

11 

17 

18 

23 

15 

28 

nr  e 

£Oe  U 

£4*  A 

26.4 

1.15 

22.2 

36.9 

264 

7.  i0 

8.8 

8.0 

6.8 

ClR 

12 

le 

3 

11 

35 

15 

21 

28.4 

24.3 

27.3 

1.14 

22.3 

39.9 

266 

7.16 

8.8 

8.8 

9.7 

ClR 

13 

21 

5 

12 

21 

14 

17 

23.8 

24.6 

29.1 

1.15 

22.7 

48.6 

268 

7.24 

8.8 

8.0 

12.0 

ClR 

14 

22 

5 

14 

22 

14 

17 

28.9 

24,7 

26.8 

l.ll 

22.9 

37.9 

268 

7.29 

8.8 

8.8 

12.6 

ClR 

15 

22 

5 

14 

22 

13 

17 

26.3 

24.2 

26.3 

1.12 

22.7 

36.6 

256 

7.83 

8.8 

0.0 

12.4 

ClR 

16 

28 

5 

14 

36 

14 

28 

28.6 

24.5 

28.7 

1.15 

23.1 

37.4 

263 

7.21 

8.0 

8.0 

U.B 

ClR 

17 

23 

7 

15 

23 

13 

17 

26.3 

24.2 

26.4 

1.14 

23.8 

36.9 

268 

7.15 

8.8 

0.0 

11.3 

ClR 

IB 

24 

9 

16 

19 

13 

16 

26.2 

24.1 

28.4 

1.15 

23,3 

36.6 

255 

7.85 

8.8 

8.8 

12,2 

ClR 

19 

29 

12 

19 

17 

11 

14 

26.9 

24.7 

29.3 

1.19 

23.9 

48.7 

268 

7.39 

8.8 

0.0 

12.3 

CLR 

20 

31 

13 

21 

17 

18 

14 

26.7 

24.5 

29.2 

1.17 

23.9 

41.8 

266 

7.35 

8,8 

8.8 

18.5 

ClR 

21 

38 

13 

21 

17 

11 

14 

24.6 

21.8 

25.2 

1.83 

21.2 

33.6 

167 

5.21 

8.8 

0.0 

18.1 

SCT 

22 

28 

18 

19 

16 

11 

IS 

26.7 

22.6 

27.2 

l.ll 

22.7 

33.8 

221 

6.17 

8.8 

8.8 

6.7 

CLR 

23 

38 

13 

21 

16 

11 

14 

26.3 

22.5 

27,8 

1.11 

22.9 

34.3 

228 

6,15 

8.8 

8.0 

9.7 

CLR 

24 

32 

15 

23 

16 

18 

13 

27.6 

23.6 

28.2 

1.17 

23.7 

36.1 

252 

7.07 

8.8 

8.8 

11.6 

aR 

25 

35 

IS 

25 

15 

9 

12 

2T.9 

23.8 

28.5 

2.88 

24.3 

36.1 

268 

7.33 

8.8 

8.0 

14.4 

CLR 

26 

37 

21 

27 

14 

8 

12 

27.7 

23.7 

28. 5 

1.21 

24.4 

48.5 

265 

7.58 

8.8 

8.8 

13.3 

ClR 

27 

33 

17 

25 

16 

9 

12 

27.6 

23.6 

28.4 

1.20 

24.4 

39.6 

263 

7.47 

8.8 

8.0 

12.7 

D.R 

28 

28 

18 

28 

16 

11 

14 

28.2 

24.1 

28.9 

1.28 

26.5 

39.2 

128 

3.41 

8.8 

8.0 

16.9 

afi 

29 

25 

8 

15 

16 

12 

16 

26.5 

24.4 

29.4 

1.22 

25.6 

48.6 

162 

5.17 

8.8 

0.0 

12.6 

CLR 

38 

24 

7 

16 

19 

13 

16 

25.3 

21.6 

26.2 

1.18 

23.4 

34.6 

168 

5.13 

8.8 

8.0 

14.8 

ClR 

31 

21 

7 

13 

21 

14 

17 

21.2 

18.1 

22.2 

8.99 

28.3 

27.2 

128 

3.42 

8.8 

8.0 

10.3 

SCT 

TDTflL 

822.7 

783.2 

823.2 

34.68 

674.7 

1862.5 

6728 

163.99 

42.3 

8.6 

25 

9 

17 

33 

16 

24 

26.5 

22.7 

26.6 

1.12 

21. 6 

34.3 

217 

5.94 

11,3 

YEAR  78  MTE  TOTALS 

2838.7 

1742.9 

1991.8 

76.96 

1414.9 

2438.4 

14797 

366.32 

197,6 

2.4 

Global  total  BtasurMcnts  recor^tJ  using  Epoley  PSP  PyranoMters.  Part  P 

Global  W  tasurwrits  recorded  using  Eooley  TWR  ((383  r»). 

EMWGUA  total  wasurcwnts  coaouted  using  direct-noreal  eeasureeents  froa  Eppli.'y  NIP  Pyrhelioaeter. 

EWWQUfi  IW  aeasureaents  coaouted  using  DSET  ultraviolet  sky  nooel. 

To  convert  froa  NJ/a£  to  langleys,  divioe  M/aS  by  e.WlR4. 

—  Not  available. 
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UBORATORIES,  INC. 


B«x1S50 

Bl«ek  Canyon  Slag#  I 
PtioanU,  Ariiona  KSOM 

Talapnena;  a02-46S.73S6 
TWX:  910-B60.46ai  DSET  PHX 


THE 

WEATHER 

AT 

NEW  RIVER 

,  ARIZONA 

APRIL 

19B6 

TEWERATUE 

HUMIDITY 

SQlAR  raoiaht  exposure 

(KJ/i2) 

K| 

SATE 

(daortas  C) 

{%) 

TOTAL 

U.G. 

TOTft. 

liV 

TOTAL 

TDTAi. 

TCTft. 

UV 

HIGH 

LOU 

PCAN 

HIGH 

LOU 

KAH 

45 

45 

34 

34 

5 

•RACK 

EW4«iL)i 

E?!!4Ai>j; 

1 

24 

7 

15 

29 

13 

16 

27.3 

23.4 

26.4 

1.22 

24.6 

37.4 

£49 

7,15 

0.0 

e.e 

9.4 

i 

27 

6 

16 

21 

12 

IE 

27.2 

23.3 

26.4 

1.22 

31.6 

40.3 

247 

7.0t 

0.0 

0.0 

6.* 

6.4 

3 

29 

12 

20 

16 

11 

14 

2E.9 

23.0 

26.1 

1.22 

25.2 

36.7 

243 

6.99 

0.0 

0.0 

9.6 

L4 

4 

29 

11 

21 

16 

11 

14 

27.0 

23.1 

26.2 

1.23 

25.3 

36.0 

246 

7.09 

0.0 

0.0 

'  6.9 

C.R 

5 

33 

14 

24 

17 

9 

13 

27.3 

23.3 

26.5 

1.24 

26.0 

33.6 

241 

6.96 

0.0 

0.0 

10.7 

LR 

E 

3E 

20 

27 

14 

6 

12 

27.3 

23.3 

26.  E 

1.24 

26.1 

39.5 

255 

7,40 

0.0 

0.0 

1  ■ » 7 

E-k 

7 

34 

17 

2E 

15 

9 

12 

26. 1 

22.3 

27.4 

1.23 

25.3 

37.6 

£39 

6.97 

0.0 

0.0 

9.1 

LR 

6 

33 

16 

25 

19 

10 

13 

26.5 

2LE 

27.6 

1.22 

25.6 

35.0 

241 

7.07 

0.0 

0.0 

9,4 

ElR 

S 

33 

16 

24 

15 

9 

12 

27.5 

23.5 

29.1 

i.27 

27.4 

25.7 

149 

4.36 

0.0 

0.0 

16.0 

E^: 

10 

34 

17 

24 

15 

9 

13 

27.6 

23.6 

29.1 

1.26 

32.6 

40.6 

197 

5.76 

0.0 

0.0 

(f.  ; 

•  V* 

11 

34 

17 

25 

15 

9 

12 

25.7 

22.0 

27.2 

1.16 

25.2 

36.0 

166 

5.51 

0.0 

0.0 

11.0 

LR 

IE 

35 

IE 

2E 

15 

9 

12 

22.3 

19.0 

23.6 

1.05 

23.0 

30.5 

lie 

3. 47 

0.0 

0.0 

9.4 

5*- 

13 

31 

19 

23 

47 

11 

21 

14.1 

12.0 

15.1 

0.76 

15.5 

17.4 

1 

0.04 

1.0 

0.0 

12.6 

ov: 

14 

27 

IE 

21 

72 

23 

43 

20.1 

17.2 

21.5 

1.03 

20.6 

27.2 

7: 

2. 10 

0.6 

0.0 

9.6 

SET 

15 

21 

10 

IE 

91 

3E 

E3 

4.9 

4.2 

2.6 

8.23 

6.6 

4.6 

0 

0.00 

10.7 

1.0 

9.5 

DVE 

IE 

IE  ' 

9 

11 

90 

El 

63 

6.3 

5.4 

4.9 

0.56 

4.2 

4.2 

e 

0.00 

5.7 

0.1 

9.9 

S^^ 

17 

15 

9 

11 

.91 

75 

66 

4.E 

3.9 

4.7 

0.25 

5,2 

3.7 

0 

0.00 

15.3 

0.5 

6.2 

ov: 

16 

23 

11 

17 

91 

41 

EG 

15.4 

16.  E 

20.6 

1.87 

17.0 

16.2 

114 

3.36 

6.2 

0.0 

5.9 

SET 

19 

27 

12 

19 

79 

28 

52 

23.9 

20.4 

25.6 

1.20 

25.4 

34.6 

199 

5.91 

0.0 

0.0 

6.9 

ClR 

20 

2E 

12 

20 

77 

16 

39 

20.6 

17.8 

22.5 

1.09 

22.6 

26.5 

96 

2.92 

0.0 

0.0 

12.3 

SE* 

21 

16 

9 

13 

92 

39 

75 

6.2 

7.1 

6.5 

0.49 

B.3 

9.2 

0 

0.00 

12.9 

1.7 

10.6 

ov: 

22 

16 

7 

12 

92 

46 

77 

13.6 

11.7 

12.9 

0.60 

9.2 

14.7 

0 

0.00 

10.5 

1.0 

7.6 

23 

22 

10 

IE 

GE 

22 

54 

22.9 

19.5 

24.1 

1.14 

11.0 

30.5 

134 

3.99 

0.1 

0.0 

10.3 

SET 

24 

22 

6 

IE 

65 

23 

46 

25.5 

21.6 

27.6 

1.29 

21.7 

36.0 

£33 

6.95 

0.7 

0.0 

B.5 

E-R 

25 

26 

11 

20 

E4 

12 

35 

25.7 

21.9 

26.1 

1.26 

26.4 

42.3 

259 

7.71 

0.0 

0.0 

9.0 

LR 

2E 

32 

14 

23 

41 

10 

22 

25.4 

21.7 

27.7 

1.23 

26.3 

40.3 

253 

7.54 

0.0 

0.0 

10.2 

ClR 

27 

33 

IE 

25 

34 

9 

19 

25.1 

21.5 

27.4 

1.23 

27.6 

37.9 

£34 

6.96 

0.0 

0.0 

9.9 

ClR 

26 

29 

17 

23 

38 

12 

16 

21.3 

16.2 

23.0 

1.10 

23.6 

26. 0 

110 

2.38 

0.5 

e.e 

11.7 

SC* 

29 

38 

14 

22 

46 

13 

26 

25.8 

21.4 

27.4 

1.22 

26.5 

36.6 

242 

7.17 

0.0 

0.0 

7.5 

ClR 

31 

31 

15 

23 

39 

11 

21 

24.2 

20.7 

26.  E 

1.21 

27.2 

37.0 

220 

6.54 

0.0 

0.6 

14.2 

ClR 

TOTAL 

649.7 

B5.4 

665.6 

31.76 

649.6 

669. 6 

4761 

140.29 

66.2 

4.5 

M. 

28 

13 

26 

49 

20 

34 

21.7 

16.5 

22.9 

1.06 

21.7 

29.7 

159 

4.66 

10.2 

YEAR  TO  DATE  TOTALS 

2668.4 

2296.3 

2677.6 

106,72 

2064.7 

3366.2 

19576 

506.61 

224.4 

6.7 

Slobtl  total  BiasurMiritt  rtcordtd  uiing  EoDlfy  ^  Cvranoaatcrc.  f. 

Global  tN  aaaauriair.s  rteorotb  uting  Eoolay  TLA/R  (t3A3  rs). 

DWOUO  total  aaiturtvf'itt  ccasutK  uiir.;  eirtct*nonial'Btaturaii>’'tK  froa  Essity  r/rni.ioinci;'. 

EWPOUb  L/V  aaaaurnr'its  cor^sbtti:  b»n;  I;SET  ultriv'.clit  ikv  bocbI. 

To  COfivr-t  froa  I'J/ac;  to  liri;l»yt,  Biv;cf  HJ/aJ  Sy 
—  Not  availaola. 
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LABORATORIES.  INC. 


Box  1650 

Black  Crnyon  Slag*  I 
Phoenix,  Arizona  8S029 

Telephone  602-465-735C 
TWH.  910-950-46ei  D5ET  PHX 


THE 

WEftTHER 

NEW 

RIVER 

,  «RIZONfi 

MftY 

1988 

TEJKRATUfiE 

RWIDITY 

SOLAR  RADIANT  EXPOSL'Rt 

WET 

AVu. 

DATE 

(fleprees  C) 

(*; 

total 

li.G. 

TOTft. 

TDTft. 

TOTAu 

total 

UV 

TIKE 

RAIN 

WIND 

SKY 

HIGH 

LOb 

MEAN 

MlSA 

LON 

REAN  45 

45 

34 

34 

5 

TRACK 

EJWAGUA 

ENRAQtJA  inrj 

lea' 

(wn/nri 

CORD. 

1 

26 

16 

15 

26 

14 

17 

21.7 

16.5 

23.9 

1,15 

25.3 

35,4 

181 

5.46 

6.6 

0.6 

17.2 

SCT 

Z 

25 

16 

17 

21 

12 

16 

25-7 

22.6 

28.4 

1.19 

36.6 

41.4 

266 

7.94 

6.6 

6.6 

9.7 

CLR 

3 

36 

12 

21 

21 

16 

15 

25.2 

21.5 

27.6 

1. 18 

29.5 

46.5 

£64 

7.88 

6.6 

6.0 

B.S 

CLR 

A 

32 

15 

24 

19 

IP 

13 

25.2 

21.5 

2'’,  9 

1.31 

29.6 

41.2 

187 

5.66 

6.6 

0.8 

9.6 

aR 

b 

29 

14 

22 

16 

11 

14 

22.9 

19,6 

25.1 

1.26' 

27.4 

33.5 

192' 

5.75' 

6.6 

6.6 

17. 3 

£" 

e 

26 

7 

14 

26 

14 

16 

23.2 

19.8 

25.6 

1.21 

27.5 

37.6 

159 

4.75 

6.6 

6.6 

9.2 

ClR 

7 

23 

8 

1C 

29 

14 

19 

24.9 

21. 3 

27.7 

l.,36 

25.6 

41.6 

246 

7.35 

6,6 

6.6 

11.2 

ClR 

6 

26 

9 

16 

47 

14 

26 

24.5 

26.9 

27.3 

1.32 

29.4 

46. 1 

253 

7.66 

6.6 

6,8 

7,5 

ClR 

9 

32 

13 

,23 

33 

16 

16 

24.4 

26.9 

27.2 

1.31 

29.4 

42.5 

252 

7.57 

6,8 

8.8 

9.3 

ClR 

le 

37 

16 

26 

26 

6 

13 

24.2 

26.7 

27.1 

1,29 

29.4 

35,.  9 

£52 

7.63 

6.6 

6.8 

18.9 

aR 

11 

39 

25 

31 

13 

7 

16 

24.5 

26.9 

27.4 

1.31 

36.1 

39.9 

259 

7.66 

6.6 

6,6 

12.5 

CLR 

12 

4« 

25 

31 

13 

7 

16 

23-8 

26.,  3 

26.6 

1.28 

29.1 

39,1 

236 

7.26 

6.6 

6.0 

18,4 

ClR 

13 

39 

a? 

31 

15 

7 

11 

23.9 

26.5 

26.7 

1.24 

29.3 

39.5 

238 

7.26 

6,6 

6,0 

12.1 

ClR 

It 

39 

21 

36 

15 

•» 

1 

11 

23.6 

26,2 

26.6 

1.25 

29.1 

41.4 

228 

6,90 

0.8 

6.0 

18.6 

C»fl 

15 

39 

21 

36 

15 

7 

11 

23.3 

26.6 

26.2 

1.24 

28.7 

46.7 

£23 

6.77 

6.6 

6.6 

8.6 

ClR 

16 

38 

22 

29 

17 

6 

12 

14.7 

12.6 

16.5 

6.64 

16.6 

25.2 

23 

1.62 

6.8 

6.6 

6.8 

SCT 

17 

33 

26 

27 

34 

16 

16 

15.9 

13.6 

17.4 

8.69 

19.3 

£2.8 

12 

6.37 

6.8 

6.6 

9.9 

SCT 

IS 

31 

17 

25 

31 

18 

17 

23.5 

26.1 

26.6 

1.34 

29.8 

35.5 

241 

7.33 

6.8 

6.6 

7.3 

ClR 

19 

34 

18 

27 

26 

9 

16 

23.6 

26.2 

26.7 

1.3k 

29,7 

41.8 

£55 

7.70 

6.6 

6.6 

9.7 

CLR 

£« 

35 

26 

14 

5 

12 

24,1 

26.6 

27.4 

1.36 

36.9 

42.0 

264 

6.67 

6.6 

6.6 

12.6 

aR 

21 

37 

26 

29 

14 

6 

11 

24.6 

26.5 

27.4 

1.34 

31.6 

45. 1 

268 

6.20 

6.6 

6.6 

11.8 

CLR 

22 

39 

21 

36 

14 

7 

11 

23.8 

26.4 

27.6 

1.32 

36.3 

42.  B 

249 

7.63 

6.8 

6.0 

9,7 

aR 

£3 

39 

21 

36 

14 

7 

16 

22.6 

19.5 

2fi.8 

1.25 

29.4 

46.6 

£21 

6.90 

6.8 

6.0 

9.3 

CLR 

2t 

38 

10 

OQ 

k  ' 

15 

1 

^  1 

A  i 

n't  a 

V 

19.6 

2C.8 

1.28 

-Vt  C 

cy- V 

57.9 

238 

7.34 

6.8 

6,0 

7.5 

afl 

25 

39 

26 

36 

16 

7 

11 

23.6 

19,7 

26. 1 

1.29 

29.6 

39.6 

277 

6,59 

6.8 

6.0 

6.8 

ClR 

26 

39 

26 

36 

16 

7 

11 

£3.6 

26.2 

26.7 

1.22 

36.3 

39.7 

261 

6.15 

6.8 

6.0 

10.8 

aR 

27 

39 

19 

38 

15 

6 

16 

£3.6 

26,2 

26.7 

1.32 

36.5 

37.4 

231 

7.21 

6.8 

0.0 

10.8 

ClR 

26 

39 

26 

36 

15 

5 

16 

22.6 

20.4 

H7.6 

1.38 

38.6 

43.6 

287 

8.99 

6.6 

6.0 

8,7 

aR 

29 

£ 

17 

25 

27 

14 

17 

16.2 

15.6 

26.6 

1.07 

26.1 

32.2 

126 

3.74 

6.6 

6.0 

18.2 

SCT 

3« 

39 

26 

29 

17 

B 

12 

23.6 

26,3 

26.6 

1.33 

36-9 

27.6 

248 

7.77 

6.6 

6.6 

9.9 

aR 

21 

39 

26 

36 

15 

6 

11 

23.6 

26.3 

27,1 

1.38 

36.1 

37.1 

£49 

7.64 

6.6 

6.6 

9.1 

CLR 

TQTAt. 

716.2 

612.  ■' 

663.3 

38.73 

686.4 

1176.6 

6691 

216.10 

6.6 

0.6 

A<.*E. 

.34 

18 

26 

26 

2 

14 

23.1 

19.B 

25,9 

1.25 

26.6 

36.6 

222 

6,76 

18,5 

YEAR  TO  DATE 

TOTAU, 

34ft4.6 

2916,7 

3466.9 

147,45 

2951.1 

4566.6 

26469 

716.71 

224.4 

&.7 

Global  total  neasmteents  rtcoi-ded  usirig  Eooley  PGP  Pyrancwetcps.  Part  A 

Global  l/V  »B4sur««rtt  retoroK)  using  Epoley  ’IVK  I  CiSG  r«). 

EWtAQUA  total  •sasuree'nt';  conDuted  using  t)ir-«:t-nor»ai  ecasureeents  fro*  Looley  NIP  Pyrnehcweter, 

EikMAOUA  IW  •easureeents  coooulec  using  [ISET  ultraviolet  sky  aooel. 

To  convert  free  RJ/^  to  langleys,  divice  KJ/aJ  oy  6. BAlflA. 

—  Nr't  available. 
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LABORATORIES,  INC 


Bok  18S0 

Black  Canyon  Stage  I 
Pltoenix,  Aruona  85029 

Telephone  602-465  7356 
TWX:  910-950-4681  DSET  PHX 


THE 

WEHTHER 

OT 

NEW  RIVER, 

ARIZONA 

JUNE 

isee 

"ERPtRATuRE 

MURIDITy 

SQlAS  WRDIANT  EXPOSURE 

(WjVa2) 

UtT 

AVG. 

DATE 

loegrefjs 

C) 

(t) 

TOTfL. 

u.  G. 

TQTfL 

Uv 

TCTfL 

TOTtL 

TOTh. 

LV 

TIRE 

RAI', 

HIM 

a-.' 

Hl6r<. 

Lr4( 

PEAR 

LOh 

P£Ah 

45 

45 

34 

3** 

5 

track 

tl61AG(oA 

E«>tA(/JA 

(nri 

(c«) 

tW/''- 

COM. 

1 

J4 

16 

26 

17 

9 

12 

22'.  4 

19.1 

25,1 

1.26 

26.6 

36. 9 

160 

j.  04 

0.0 

0.0 

6.5 

L-9 

i. 

39 

26 

31 

15 

7 

16 

£2.7 

19.4 

26,1 

1.32 

30.3 

40.4 

25(1 

7.9b 

0.0 

0.0 

le.e 

L.- 

2 

41 

26 

35 

12 

7 

9 

22. 7 

19.4 

26.2 

1.32 

30.5 

40.0 

266 

6.45 

0.0 

0.0 

9. . 

Z_'- 

4 

42 

22 

32 

14 

7 

16 

22.5 

19.3 

26.1 

1.29 

30.4 

43.1 

253 

6.05 

0.0 

e.e 

9.2 

5 

37 

21 

36 

14 

6 

11 

23.7 

26. 3 

26.9 

1.35 

3ae  3 

44.6 

264 

6.39 

0.0 

e.e 

14.4 

Clk 

E 

34 

17 

27 

16 

9 

12 

23.1 

19.7 

26.6 

1.37 

3..  6 

42.0 

266 

6.60 

0.0 

e.e 

12.6 

7 

34 

16 

26 

16 

9 

12 

23.4 

26.6 

27.2 

1.36 

32.1 

46.2 

267 

6.58 

0.0 

0.0 

10. S 

6 

35 

17 

27 

16 

9 

12 

23.1 

19,7 

26.6 

1,37 

31.6 

46.1 

279 

9.00 

0.0 

e.e 

6.'. 

9 

36 

26 

36 

14 

6 

11 

23.1 

19.6 

26.9 

1.29 

31.7 

45.3 

276 

6.96 

0.0 

e.e 

9.7 

1« 

39 

22 

31 

13 

7 

16 

21.7 

16.6 

25.6 

1.19 

29.3 

40.6 

266 

6.73 

0.0 

e.e 

9.7 

11 

37 

26 

29 

14 

6 

11 

23.1 

19.8 

26.6 

1.36 

31.7 

43.3 

266 

6.77 

e.0 

e.e 

10.  e 

ClR 

l£ 

3* 

26 

26 

14 

9 

11 

22.6 

19.5 

26.3 

1.33 

31.2 

43.5 

267 

8.79 

0.0 

e.e 

9.4 

& 

13 

37 

19 

29 

15 

6 

11 

22.5 

19.3 

26.1 

1.29 

32.9 

41. 6 

262 

6.64 

6.0 

e.e 

6.3 

L'.n 

14 

39 

21 

31 

14 

7 

16 

22.6 

19.3 

26.2 

1.66 

38.6 

41.6 

255 

6.46 

6.0 

0.0 

6,6 

15 

41 

23 

33 

13 

7 

16 

22.2 

19.6 

25,7 

6,96 

29.5 

41.6 

235 

7.94 

0.0 

e.0 

6.3 

iJ 

16 

43 

26 

35 

12 

6 

9 

21,7 

16.6 

25.2 

1.25 

29.2 

36,7 

230 

7,69 

0.0 

e.e 

13.2 

u.= 

17 

41 

26 

36 

14 

7 

9 

22.2 

19.6 

25.6 

6.8: 

30.2 

42.0 

239 

6.02 

0.5 

e.e 

11.2 

C.n 

16 

37 

28 

31 

37 

16 

17 

9.3 

6.6 

10.5 

6.62 

12.5 

15.0 

6 

0.00 

l.l 

e.e 

12.5 

EKN 

19 

46 

23 

33 

77 

9 

27 

21.7 

16.5 

22.4 

6.97 

27.1 

37.6 

213 

7.20 

2.2 

e.i 

8.7 

ClR 

ae 

41 

26 

34 

22 

6 

13 

26.2 

17.5 

23.2 

0.45 

25.7 

30.9 

194 

6,57 

0.0 

0,0 

7.9 

K' 

21 

42 

26 

35 

19 

6 

16 

26.9 

17.9 

22.6 

1. 16 

26.6 

34.3 

197 

6.66 

0.0 

e.0 

!0.7 

feKK 

22 

4j 

£7 

37 

15 

5 

9 

21.6 

16.E 

25.2 

1.20 

29.6 

39.3 

244 

6. 24 

0,0 

e.e 

6.e 

dv 

£3 

45 

29 

37 

12 

c 

J 

8 

£1.7 

16.  fc 

25.2 

1.19 

29.5 

38.7 

232 

7.65 

0.0 

e.e 

11.3 

d" 

24 

42 

29 

35 

11 

7 

9 

15.2 

13,6 

17.3 

0.90 

26.1 

25.3 

4) 

1.39 

0.0 

e.e 

6.2 

SC' 

25 

46 

26 

34 

14 

7 

16 

22.3 

19.1 

25.7 

1.33 

2B.9 

40.6 

244 

6,25 

0.0 

e.e 

10.6 

dS 

26 

46 

24 

33 

26 

6 

12 

21.9 

16.7 

25.4 

1.32 

29.8 

42.3 

256 

6.72 

6.0 

e.e 

6.0 

dR 

27 

42 

27 

34 

IB 

7 

12 

20.1 

17.2 

23.1 

1.14 

21.6 

33.2 

163 

£.17 

6.0 

e.e 

10.2 

dR 

26 

33 

£7 

29 

51 

17 

34 

16.5 

9.6 

11.6 

0.66 

14.5 

17.6 

60 

2.04 

2.0 

6.6 

11,6 

DVC 

£3 

39 

26 

31 

41 

16 

26 

19,7 

16.6 

22.2 

1.13 

23.7 

29.6 

160 

5.36 

0.2 

0.0 

15,9 

SCT 

38 

42 

£3 

32 

63 

6 

27 

21.5 

16.4 

24.7 

1.14 

24.2 

35.  B 

227 

7,66 

2.6 

6.5 

12.5 

dR 

total 

632,3 

546.9 

726.2 

34,41 

637.7 

1136.3 

6503 

214.24 

6.6 

0.6 

AV6. 

39 

23 

•s. 

22 

6 

13 

21.1 

16.6 

24.2 

1.15 

27.9 

37.9 

217 

7. 14 

10.3 

YtfW  ’ 

0  DATE  totals 

4636.9 

3451.6 

4267,1 

161.66 

3766.8 

5705.1 

32972 

930.95 

233.0 

7.3 

GloMi  total  Benuretients  recoroed  using  Eppley  PSP  Pyranoaeters.  Pa'-:  S 

Blobai  iW  aeasui-epents  recorded  using  tppiey  TU'VR  ((263  rai). 

EWWiJP  total  eeasu-eiaerits  coaouted  usins  oirect-ro'iial  aeasu’-etaen-.s  froe  Eoj'.ey  Ni^  -y'^.e.;oce:er. 

EWC'JP  'JJ  aeastreeents  coaoutec  using  DSETl  jitriT.clet  sky  txe.. 

To  conver*.  frop  rj/jt-  to  langlsys,  civics  SJ/idZ'  sy  i.Wies. 

• —  Sot  availaoie, 
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LABORATORIES,  INC. 

Box  1850 

Black  Canyon  Stage  I 
Phoenix,  Arizona  8S029 

Telephone:  602-465-7356 
TWX:  910-950-4681  DSET  PHX 


THF.  WEATHER  AT  NEW  RIVER,  ARIZONA 


JULY  1988 


TEW€RflTUR£  HUMIDItl 

(oeprees  G)  (Si 

HlSi-  LOU  «£»  HIGH  lOU  KEAN 


solar  radiant  exposure  (KJ/iiS) 

tctal  uv  total  total  total  UV 

3A  34  5  TRACK  EIWAQUA  EMAOUA 


AVG. 

WIND  SKY 
(Km/Hr)  COM;. 


41 

25 

33 

54 

8 

24 

4E 

£B 

34 

32 

7 

18 

41 

28 

34 

35 

7 

17 

4i 

24 

34 

33 

7 

13 

41 

27 

34 

18 

8 

11 

48 

25 

35 

18 

7 

11 

48 

33 

38 

18 

11 

13 

44 

29 

35 

38 

8 

28 

42 

27 

34 

48 

8 

20 

.TS 

25 

31 

44 

13 

24 

37 

24 

31 

58 

16 

32 

48 

24 

33 

38 

7 

17 

43 

25 

34 

14 

8 

9 

43 

28 

35 

13 

8 

9 

43 

25 

35 

14 

8 

9 

45 

28 

36 

13 

5 

9 

41 

28 

35 

35 

8 

12 

37 

27 

32 

58 

18 

35 

39 

25 

32 

63 

11 

37 

41 

12 

29 

84 

13 

48 

41 

28 

33 

61 

12 

38 

42 

27 

34 

59 

9 

26 

43 

28 

35 

31 

7 

17 

44 

28 

35 

41 

B 

21 

43 

28 

35 

39 

12 

18 

48 

28 

34 

39 

14 

28 

48 

27 

32 

42 

16 

31 

38 

28 

32 

43 

20 

33 

48 

14 

30 

88 

19 

43 

34 

23 

28 

83 

41 

62 

34 

25 

28 

76 

42 

83 

GIoIkI  tot»)  ■easur'wents  recorijed  using  Epoley  PSP  Pyranoaeters. 

GloPal  iH  eeasuretatnis  rccordeo  using  Eppley  TUVR  ((3&3  r«), 

EMIAQUA  total  eeasureeents  coeouteo  using  direct-rwnwi  aeasurewerits  from  Eppley  NIP  Pyrhei loeeter. 
EKKAQUA  \N  aeaBurewnts  poeouted  using  DSET  ultraviolet  sky  aodel. 

To  convert  free  to  iangieys,  divioe  NJ/ii2  by  0.84184, 

—  Sot  availaole. 


193 


THE 

HEATHER 

AT 

NEW 

RIVER 

,  ARIZONA 

AUGUST 

isaa 

TEMPERATURE 

HUMIDITY 

SOLAR  RADIANT  EXPOSURE  <MJ/b2) 

UET 

AVG. 

DATE 

(decrees  C) 

(«) 

TOTAL 

U.6. 

TOTAL 

IW 

TOTAL 

TOTAL 

TOTAL 

UV 

TIME 

RAIN 

WIND 

SKY 

HISH 

LOU 

CAN 

HIGH 

LOU 

MEAN  45 

45 

34 

34 

5 

TRACK 

EMMAQUA 

E)MQUA 

(hr) 

(ce) 

(ke/hr) 

casD. 

« 

4 

38 

23 

29 

75 

32 

50 

16.3 

13.9 

17.9 

0.92 

18.5 

21.9 

48 

1.48 

1.6 

0.1 

8.1 

SCT 

2 

37 

25 

31 

74 

32 

50 

20.0 

17.1 

21.0 

1.12 

23.6 

29.3 

139 

4.20 

0.0 

0.0 

7.9 

SCT 

3 

39 

26 

33 

57 

21 

34 

22.2 

19.0 

24.7 

1.22 

26.5 

36.0 

217 

6.52 

0,0 

0.0 

7.4 

4 

36 

23 

29 

84 

32 

50 

13.5 

11.5 

14.2 

0.77 

14.5 

18.5 

0 

0.00 

3.4 

0.1 

10.6 

ovc 

5 

37 

24 

31 

81 

32 

52 

18.9 

16.2 

20.8 

1.05 

20.7 

24.6 

69 

2.07 

0.0 

0.0 

7.4 

SCT 

B 

39 

26 

33 

61 

14 

35 

21.6 

18.5 

23.9 

1.15 

25.4 

34.2 

109 

3.21 

0.0 

0.0 

10.6 

SCT 

7 

38 

24 

32 

56 

10 

28 

22.1 

18.9 

24.9 

1.17 

25.9 

33.6 

252 

7.43 

0.0 

0.0 

9.6 

aa 

8 

48 

23 

32 

28 

9 

16 

22.9 

19.8 

25.2 

1.19 

26.3 

34.3 

254 

7,46 

0.0 

0.0 

7.6 

CLR 

9 

41 

24 

33 

22 

8 

13 

24.1 

20.6 

26.8 

1.26 

28.1 

40.0 

265 

7.72 

0.0 

0.0 

9.1 

CLR 

10 

41 

25 

33 

18 

6 

12 

23.9 

20.5 

26,5 

1.23 

27.7 

38.7 

284 

7.64 

0.0 

0.0 

9.0 

D.a 

1  t 
•  4 

40 

26 

34 

28 

10 

17 

23.6 

20.3 

26.2 

1.23 

27.0 

38.2 

243 

7.00 

0.0 

0.0 

10.2 

CLR 

12 

39 
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298.2 
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Slc&ai  total  aeasureaerts  recorced  using  EoDiey  PSP  Pyranoaeters.  Part  ft 

Glcoal  'dV  aeasurMients  recoroK  using  Eooley  TWR  ((SSG  nai. 
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EJWiQ'Jfl  LV  fleasuresents  coaouteo  using  DSET  ultraviolet  sky  Boaei. 

’c  convert  froo  fU/sE  to  lancleys.  divide  W/isiS  by  0. M184. 

—  Not  available. 


194 


THE  WEftTHER  ftT  NEW  RIVER,  PRIZONft 
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HUMIDITY 
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26 
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37 
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C-' 
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5.2: 

' 

10.;  . 

m 

E^kSII 

5656.5 

4839.9 

5931.3 

266.93 

-•t 

1*3 

!/? 

1 

8151.7 

46713 

1233.53 

298.5 

17.3 

31o:s;  :c:ai  r:sasursa;er.:s  reccrcea  using  Ecoiey  PSP  ?;,TanoMSZErs.  ^ai": 

jicrai  uV  •.•«asuromer:5  nscorra:  using  Scclay  IVR  ((523  na). 

r''’PlGi;p  :c:a'.  :.:easur=;.'.en:s  ;o:jcu:sc  usir:  airect-r.onrai  aeasureoents  frca  ijoiey  NIP  Pynnelicri»ten. 

J'J  •nBasursMS'is  cc'iuis:  jsin:  DSET  ui'ravioiei  iliCwSia 
conven:  ::  Langleys,  divide  by  0.^4124. 

—  No:  available. 
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APPENDIX  D 

155MH  PROPELLING  CHARGE  CONTAINER  MATERIAL  PERFORMANCE  MODELS 
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Table  1-A 

Performance  Prediction  Model 
1 55rnrn  Prope  1 1  i ng  Charge  Cont a i ner 
Outdoor  Exposure 


Ea 

4633. 1 

cal /mole 

To 

50 

Deg.  C 

dP/duv 

"0.  006c:7 

Po 

4.  55 

W/g 

Degrees  C 

Ultraviolet 

Cont  a iner 

Radi  at  ion 

Temperature 

(MJ/fn£) 

£0 

0 

4 . 5500 

100 

4.2514 

£00 

3.9527 

300 

3. 6541 

400 

3. 2555 

500 

3.  0569 

600 

2. 7582 

700 

2. 4596 

eoo 

2. 1610 

900 

1 . 8624 

1000 

1 . 5637 

1 100 

1.2651 

ie;oo 

0. 9665 

1 300 

0. 6678 

1400 

0. 3692 

1500 

0. 0706 

Degrees  C 

Degrees  C 

Degrees  C 

Container 

Container 

Container 

Temperature 

Temperat  ure 

Temperat  ure 

30 

40 

6c;i 

Calculated  Values 

4. 5500 

4. 5500 

4. 5500 

4. 1613 

4. 0525 

3.  7706 

3. 7726 

3. 5551 

2, 9912 

3. 3839 

3. 0576 

2.2119 

2. 9953 

2. 5602 

1 . 4325 

2, 6066 

2 . 0C2 l 

0. 6531 

2. 2179 

1.5653 

1 . 8292 

1. 0678 

1. 4405 

0. 5704 

1.0518 

0. 0729 

0. 6632 

0. 2745 
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OUTDOOR  EXPOSURE  MODEL  -  NEW  CONTAINER 
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Figure  1-D:  i55nim  Propelling  Charge  Container  Outdoor  Ultraviolet  Model  -  Measured 
Activation  Energy 


Table  2-D 


Performance  Predict i on  Model 
155nim  Propelling  Charge  Container 
Outdoor  Exposure 


Ea 

7000 

cal /mole 

To 

50 

Deg.  C 

dP/duv 

-0. C06S7 

Po 

4.55 

W/g 

Degrees  C 

U 

1 trav iolet 

Container 

Rad  1  at  ion 

Temperature 

<MJ/rn£) 

£0 

0 

4. 5500 

100 

4. 5456 

£00 

4.  1411 

300 

3.  9367 

400 

3.  73£3 

500 

3.  5£7e 

600 

3.  3£34 

700 

3.  1189 

800 

£.9145 

900 

£.7101 

1000 

£. 5056 

1 1  OCi 

£. 301 £ 

1£00 

£.  0968 

1 300 

1 . 89£3 

1400 

1.6879 

1 500 

1. 4834 

1600 

1 . £790 

1700 

1.0746 

1800 

0. 8701 

1900 

0. 6657 

etiou 

0. 4613 

£100 

0. £566 

££00 

0.  05£4 

Degrees  C 

Degrees  C 

Degrees  C 

Containe)' 

Container 

Container' 

Temperal ure 

Temper at  ure 

T  emperat  ur'e 

30 

40 

60 

Calculated  Values 

4. 5500 

4, 5500 

4.  550)0 

4. £456 

4. 1080 

3. 6790 

3. 941 1 

3. 6660 

£, 3080 

6.^67 

3. ££41 

1. 9370 

3,  33c:£ 

£.  7a£l 

1 . 0660 

3.  0£7B 

£. 3401 

0. 1950 

£. 7£33 

1,8981 

£. 4189 

3 . 456£ 

£, 1145 

1. 014£ 

1. 8100 

Co  5  /££ 

1 . 5056 

0.  130£ 

1. £01 1 

0.  8967 

0.59£3 

0.£87a 
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OUTDOOR  EXPOSURE  MODEL  -  NEW  CONTAINER 
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Figure  2-D:  155nim  Propelling  Charge  Container  Outdoor  Ultraviolet  Model  -  Published  Activation  Energy 


Table  3-D 

Performance  Prediction  Model 
155riirn  Propelling  Charge  Container 
Outdoor  Exposure 


Ea 

9500 

cal /mole 

T  C' 

50 

Deg.  C 

dP/duv 

-0. 006£7 

Po 

4.55 

W/g 

Degrees  C 

Ultraviolet 

Cont  a i ner 

Rad i at i on 

Temperature 

(MJ/m£) 

£0 

0 

4. 5500 

100 

4. 4130 

£00 

4.  £760 

300 

4.  1390 

400 

4.  0020 

500 

3.  8650 

600 

3.  7£fl0 

700 

3. 5910 

800 

5. 4540 

9C)0 

5. 3170 

1000 

o 

o 

CD 

1 1 00 

3. 0429 

1£00 

£.9059 

1 300 

£.7689 

1 40  (j 

£.6319 

1500 

£. 4949 

1600 

£. 3579 
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£. ££09 
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£.0839 
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EOCHli 
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£  i  OC) 
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££00 

1.5359 

Degrees  C 

Degrees  C 

Degrees  C 

Container 
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Temperature 

Temperature 

Ternperat  ure 

30 

40 

60 

Calculated  Values 
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4 . 5500 

4. 5500 

CD 

4. 1599 

3. 5705 

4. 0796 

3.7698 

2. 5910 

5. 8444 

3. 3797 

1. 6115 

3. 6092 

£.9897 

0. 6321 

3. 3740 

£.5996 

3. 1388 

£.£095 

£. 9036 

1.8194 

£. 6684 

1.4293 

2. 4532 

1 . 0392 

£.  1980 

0.6492' 

1. 9627 
1. 7275 
1. 4923 
1.2571 
1. 0219 
0. 7867 
0. 5515 
0 .  1 6  .c* 

0.0611 

0.2591 
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OUTDOOR  EXPOSURE  MODEL  -  NEW  CONTAINER 
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Table  4-D 


Performance  Prediction  Model 
ISfifiim  Propelling  Charge  Container 
Outdoor  ExpoBurp 


Ea 

4633.  1 

cal  /'iiole 

To 

50 

Deg.  C 

dP/duv 

-0. 000603 

Po 

4,55 

W/Q 

Degrees  C 

Time  at 

Container 

1  etiiperat  ur  e 

T  ernperat  uy'p 

<hr£. ) 

CO 

0 

4 . 550C' 

100 

4 .  52 1 3 

600 

4.  4326 

300 

4. 463B 

400 

4.4351 

5(jCi 

4. 4064 

600 

4. 3777 

70<;> 

4. 5490 

80':> 

4 . 3202 

300 

4,2315 

1000 

4.2628 

20<')0 

3.  3756 

3  Cl  00 

3,  6884 

4000 

3. 4012 

5000 

3.  1140 

6C>00 

2. 8268 

7000 

2. 5336 

eooo 

2. 2524 

9000 

1 . 9652 

1  CiOCnj 

1 . 6780 

Degrees  C 

Degrees  C 

Degrees  C 

Container 

Container 

Container- 

Temper at  ure 

Temperature 

Temperat  ure 

30 

40 

60 

Calculated  Values 

4.  550CI 

4. 5500 

4. 5500 

4.5126 

4. 5022 

4, 4750 

4. 4752 

4. 4543 

4. 4001 

4. 4373 

4. 4065 

4. 3251 

4. 4005 

4. 358b 

4. 2502 

4. 3631 

4. 3108 

4, 1752 

4. 3257 

4. 2630 

4. 1003 

4.2883 

4. 2151 

4. 0253 

4. 2510 

4. 1673 

3, 9504 

4. 2136 

4. 1134 

3. 8754 

4, 1762 

4.0716 

3.  6  jo 

3. 8024 

3. 5332 

3. 0509 

3. 4286 

3.  1148 

2. 3014 

3. 0548 

2. 6364 

1.5518 

2, 6810 

2, 1580 

0. 8023 

2.  3C;72' 

1 . 6735 

1 . 3334 

1 . 20 1 1 

1 . 5536 

0. 7227 

1. 1857 

0. 2443 

0.8113 
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Figure  4-D:  155mm  Propelling  Charge  Container  Outdoor  Ultraviolet/Temperature  Model  -  Measured  Activation  Energy 


Table  5-D 


Performance  Prediction  Model 
155mrn  Propelling  Charge  Container 
Outdoor  Exposur'e 


Ed 

7000 

cal /mole 

To 

50 

Deg.  C 

dP/duv 

-0, 000603 

Po 

4,  55 

W/g 

Degrees  C 

Degrees  C 

Degrees  C 

Degrees  C 

T  irne  at 

Cent  a i ner 

Container 

Container 

Container 

Ternperat  ure 

Temperature 

Temperature 

Ternperat  ure 

Temperature 

(hrs. ) 

£0 

30 

40 

60 

Calculated  Values 

0 

4.  5500 

4. 5500 

4. 5500 

4. 5500 

100 

4.  5303 

4. 5£07 

4.5075 

4. 466£ 

SOO 

4.5107 

4. 4914 

4. 4650 

4. 33£5 

300 

4. 4910 

4.  46££ 

4. 4££5 

4, £987 

AOO 

4.4714 

4.  43£9 

4. 3800 

4.2149 

50  C) 

4.4517 

4.  4036 

4. 3375 

4. 1312 

600 

4. 4320 

4. 3743 

4. £950 

4. 0474 

700 

4. 4124 

4.  3450 

4 . £525 

3. 9636 

800 

4. 3927 

4. 3158 

4,21 00 

3. 8799 

900 

4. 3730 

4. £865 

4, 1674 

3.7961 

1  ooi;> 

4. 3534 

4. £57£ 

4. 1249 

3*  7 l£j? 

6'OOCi 

4. 1568 

3. 9644 

3. 6399 

£, 8747 

3000 

3.  960 £ 

3.  6716 

3. 274B 

2. 0370 

4000 

\i>*  76iii6 

3. 3788 

2.8498 

1. 1994 

5000 

3.5669 

3. 0861 

£, 4247 

0. 3617 

6000 

3. 3703 

S. 7933 

1.9997 

7000 

3. 1737 

£. 5005 

1 . 5746 

8000 

£. 9771 

e. £077 

1. 1495 

9000 

£. 7805 

1. 9149 

0. 7245 

10000 

£. 5639 

1 . 6c’  £  1 

0. £994 

EOOOC) 

0. 61 7B 
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□  20  Uwg,  C  Cgntafnipr  +  50  P*g.  C  Contoin*r 

V  4-0  [>*g,  C  Container  ^  60  Dwg.  C  CQntain*r 

Figure  5-D;  155mm  Propelling  Charge  Container  Outdoor  'Jltraviolet/Temperature  Model  ~  Published  Activation  Energy 


Tab! a  6-D 


Perfcrtnance  Prediction  Model 
155mm  Propelling  Charge  Container 
Outdoor  Exposure 


Fa 

95'0O 

cal /mole 

To 

5(0 

Deg.  C 

dP/duv 

-0. 000603 

Pc 

4.55 

W/g 

Degrees  C 

Degrees  C 

Degrees  C 

Degrees  C 

Time  at 

Container 

Container 

Container 

Cent a i ner 

Temperature 

Temperature 

Temperature 

Temperature 

Ternperat  ure 

<hrs. ) 

£0 

30 

40 

60 

Calculated  Values 

0 

4. 5500 

4. 5500 

4.5500 

4. 5500 

100 

4.5368 

4,5274 

4. 5125 

4. 4556 

aoo 

4.5236 

4.5048 

4. 4750 

4, 3616 

300 

4.5105 

4. 4821 

4.4375 

4, 2674 

400 

4.4973 

4. 4595 

4. 3999 

4. 1732 

500 

4.4041 

4. 4363 

4. 3624 

4, 0790 

600 

4.4709 

4.  4143 

4. 3249 

3, 9846 

700 

4. 4578 

4. 3917 

4,2874 

3. 8906 

000 

4.4446 

4. 3690 

4.2499 

3. 7964 

900 

4.4314 

4. 3464 

4. 2124 

7  (.)  iL  c 

1 000 

4.4182 

4.3238 

4. 1748 

3. 6080 

£000 

4.2865 

4. 0976 

3. 7997 

2.  &66(!' 

3000 

4, 1547 

3.8714 

3.4245 

1 . 7240 

4000 

4. 0230 

3. 6452 

3. 0494 

0. 7820 

5000 

3.8912 

3. 4190 

2, 6742 

600Ci 

3. 7594 

3.  1926 

2. £991 

7000 

3.6277 

2. 9666 

1 . 9239 

8000 

3. 4959 

2. 7404 

1. 54BB 

SOCiO 

3. 3642 

2. 5142 

1. 1736 

10000 

3. 2324 

2. 2880 

0. 7985 

2(0000 

1,9146 
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Figure  6-D:  155mm  Propelling  Charge  Container  Outdoor  Ultraviol et/Temperature  Model  -  High  Activation  Energy 


Table  7-D 


Performance  Prediction  Model 
155rnrn  Propelling  Charge  Container 
Humid  Indoor  Storage 

Ea  12000  cal /mole 

To  60  Deg.  C 

dP/duv  -0.00013 

Po  4. 55  W/g 

Degrees  C  Degrees  C  Degrees  C  Degrees  C 
Time  at  Container  Container  Container  Container 

Temperature  Temperature  Temperature  Temperature  Temperature 


(hrs. )  O 


0 

4. 5500 

1 00 

4. 5438 

200 

4. 5435 

300 

4. 5433 

400 

4. 5430 

500 

4.5488 

600 

4. 5486 

700 

4.5483 

800 

4.5481 

300 

4.5479 

1000 

4. 5476 

2000 

4.  5452 

3000 

4. 5429 

400Ci 

4.5405 

5000 

4.5381 

6000 

4. 5357 

7000 

4. 5333 

ecioo 

4. 5310 

3000 

4. 5286 

10000 

4. 5262 

£0000 

4.5024 

30000 

4. 4766 

40000 

4.4548 

50000 

4. 4309 

60000 

4.4071 

70000 

4. 3833 

80C)00 

4.3535 

30000 

4. 3357 

1 00000 

4.3113 

200000 

4.  0736 

300000 

3. 8357 

10 

20 

30 

ilculated 

Values 

4. 5500 

4.  5500 

4. 5500 

4.5495 

4. 5489 

4.5473 

4.5430 

4. 5478 

4.5457 

4.5484 

4.5467 

4. 5436 

4.5479 

4. 5457 

4.5414 

4.5474 

4. 5446 

4.5393 

4.5463 

4.5435 

4. 5371 

4. 5463 

4.5424 

4. 5350 

4.5458 

4.5413 

4, 5328 

4.5453 

4.5402 

4.5307 

4. 5448 

4.5332 

4.5286 

4.5336 

4.5283 

4.5071 

4. 5343 

4.5175 

4.4857 

4.5231 

4. 5067 

4.4642 

4.5233 

4.4358 

4.4428 

4.5187 

4. 4850 

4.4213 

4.5135 

4.4741 

4.  3933 

4. 5063 

4. 4633 

4. 3764 

4 . 5030 

4. 4525 

4. 3570 

4.4378 

4.4416 

4. 3355 

4.4457 

4. 3533 

4. 1211 

4.3335 

4. 2249 

3.  3066 

4. 3413 

4.  1 166 

5.6321 

4. 2831 

4. 0082 

3. 4777 

4. 2370 

3. 8998 

3. 2632 

4. 1848 

3. 7915 

3.  0488 

4. 1326 

3.6831 

2. 8345 

4. 0804 

3.5747 

2. 6138 

4. 0283 

3. 4664 

2. 4054 

3. 5065 

2. 3828 

0. 2607 

2.3848 

1.2991 
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Storage  Model  -  Low  Activation  Energy 


Table  8-D 


Performance  Prediction  Model 
155mm  Propelling  Charge  Container 
Humid  Indoor  Storage 


Ea 

26000 

cal /mole 

To 

60 

Deg.  C 

dP/duv 

-0. 00013 

Po 

4.  55 

W/g 

Degrees  C 

Degrees  C 

Degrees  C 

Degrees  C 

T i me  at 

Container 

Container 

Container 

Container 

Temperat  ure 

Temperature 

Temperature 

Temperature 

Temperature 

(hrs. ) 

0 

10 

20 

30 

Calculated  Values 

0 

4. 5500 

4. 5500 

4. 5500 

4. 5500 

100 

4. 5500 

5500 

4.5499 

4.5497 

200 

4. 5500 

4.5500 

4.5499 

4.5495 

300 

4. 5500 

4. 5500 

4. 5498 

4,5492 

400 

4. 5500 

4.5500 

4.5498 

4.5490 

500 

4. 5500 

4. 5499 

4. 5437 

4.5467 

£00 

4. 5500 

4.5499 

4. 5496 

4.5484 

700 

4. 5500 

4.5499 

4.5496 

4,5482 

800 

4. 5500 

4.5499 

4.5495 

4.5479 

900 

4. 5500 

4.5499 

4. 5495 

4.5476 

1 000 

4. 5500 

4.5499 

4. 5494 

4.5474 

2000 

4. 5500 

4.5498 

4.5488 

4..  5448 

3000 

4. 5499 

4.5496 

4,5482 

^.5421 

4000 

4. 5499 

4.5495 

4.5476 

4.5395 

5000 

4.5499 

4.5494 

4.5470 

4.5369 

SOOCt 

4. 5499 

4.5493 

4, 5464 

4.5343 

7000 

4.5493 

4. 5491 

4. 5458 

4.5317 

8000 

4. 5498 

4. 5490 

4.5452 

4. 5290 

9000 

4. 5498 

4.5489 

4.5446 

4. 5264 

1 0000 

4.5498 

4.5483 

4. 5440 

4. 5238 

20000 

4.5496 

4.5475 

4. 5381 

4. 4976 

30000 

4.5493 

4, 5463 

4. 5321 

4. 4714 

40000 

4.5491 

4. 5451 

4.5261 

4.4452 

50000 

4.5489 

4, L439 

4. 5202 

4. 4190 

60000 

4.5487 

4.5426 

4.5142 

4. 3928 

70000 

4.5484 

4.5414 

4.5082 

4. 3666 

80000 

4.5482 

4. 5402 

4. 5022 

4. 3404 

90000 

4. 5480 

4. 5390 

4. 4963 

4. 3142 

1 00000 

4.5478 

4.5377 

4.4903 

4. 2880 

200000 

4.5455 

4. 5255 

4. 4306 

4. 0260 

300000 

4. 5433 

4.5132 

4.3709 

3. 7633 
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TIME  AT  MAXIMUM  TEMPERATUPE  (hr?.) 

□  C'  C  Confainwr  +  10  IT*g.  C  Canlain^r 

V  2'0  Dngir  C  Containwr  A  30  c>wg.  C  Container 

Figure  8-D;  155mm  Propelling  Charge  Container  Humid  Indoor  Storage  Model  -  Published  Activation  Energy 


Table  9-D 


Performance  Prediction  Model 
155rnm  Propelling  Charge  Container 
Dry  Indoor  Storage 

Ea  12000  cal /mole 

To  71  Deg.  C 

dP/duv  -0.000036 

Po  4.55  W/g 


Degrees  C 

Degrees  C 

Degrees  C 

Degrees  C 

Time  at 

Container 

Container 

Container 

Container 

T  ernperat  ure 

T ernperat  ure 

Tetnperat  ure 

Ternperat  ure 

Ternperat  ure 

<hrs. ) 

0 

10 

20 

3C 

Calculated  Values 

0 

4. 5500 

4. 5500 

4. 5500 

4. 5500 

100 

4. 5500 

4. 5499 

4. 5496 

4. 5^97 

200 

4.5499 

4. 5498 

4. 5497 

4. 5493 

300 

4. 5499 

4. 5498 

4.5495 

4. 5490 

400 

4. 5499 

4.5497 

4. 5493 

4. 5487 

50(1 

4. 5498 

4. 5496 

4. 5492 

4. 5483 

600 

4.5498 

4.5495 

4, 5490 

4. 5480 

700 

4. 5497 

4. 5494 

4.5488 

4. 5477 

aoo 

4. 5497 

4. 5494 

4. 5487 

4.5473 

90C' 

4. 5497 

4.5495 

4. 5485 

4. 5470 

1000 

4. 5496 

4. 5492 

4.5483 

4.5467 

2000 

4.5493 

4. 5484 

4. 5m 66 

4.5434 

2000 

4. 5489 

4.5476 

4. 545U 

4. 5400 

4000 

4. 5485 

4, 5468 

4. 5433 

4. 536 / 

5000 

4.5482 

4. 5460 

4. 5416 

4. 5334 

6000 

4.5478 

4. 5452 

4.5399 

4 . 530 1 

7000 

4.5474 

4. 5443 

4. 5383 

4. 526S 

3000 

4.547] 

4. 5435 

4. 5366 

4 . 5235 

9000 

4.5467 

4. 5427 

4. 5349 

4 .  52(.>  1 

10000 

4. 5463 

4. 5419 

4. 5332 

4. 5163 

EOOCiO 

4.5426 

4. 5339 

4. 5165 

4. 4836 

30000 

4.5383 

4. 5258 

4, 4997 

4504 

40000 

A  cr  ^  cr  *7 

4.5177 

4. 4829 

4, 4173 

50000 

4.5316 

4.5096 

4.  4662 

CD 

,  60000 

4. 5279 

4.5016 

4.  4494 

4. 3509 

70000 

4. 5242 

4. 4935 

4. 4326 

4. 3177 

flOOOO 

4.5205 

4. 4854 

4. 4159 

4,2845 

90000 

4.5168 

4. 4773 

4. 3991 

4. 2513 

1 OOOOC) 

4.5132 

4, 4693 

4. 5823 

4.2181 

200000 

4.4763 

4. 5885 

4. 2146 

3, 6863 

300000 

4. 4395 

4. 3078 

4. 0470 

3. 5544 
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Figure  9-D:  155mm  Propelling  Charge  Container  Dry  Indoor  Storage  Model  ~  Low  Activation  Energy 


lable  10-D 


Performance  Prediction  Model 
155rnrn  Propelling  Charge  Container 
Dry  Indoor  Storage 


Ea  £6000  cal /mole 

To  71  Deg.  C 

dP/duv  -0.000036 

Po  4.55  W/Q 


Degrees  C 

Degrees  C 

Degrees  C 

Degrees  C 

Time  at 

Container 

Container 

Container 

Cent  a i ner 

Temperature 

Temperat  ure 

Temperature 

Temperature 

Temperature 

(hrs. ) 

0 

10 

£0 

30 

Calculated  Values 

0 

4. 5500 

4. 5500 

4. 5500 

4. 5500 

100 

4. 5500 

4.  55C)0 

4. 5500 

4. 5500 

£00 

4. 5500 

4. 5500 

4, 5500 

4. 5500 

300 

4. 5500 

4. 5500 

4. 5500 

4. 5499 

400 

4 .  5500 

4. 5500 

4. 5500 

4.5499 

500 

4. 5500 

4. 5500 

4.  55Ck;) 

4. 5499 

600 

4.  550C> 

4. 5500 

4. 5500 

4. 5499 

700 

4. 5500 

4. 5500 

4. 5500 

4. 5499 

aoo 

4. 5500 

4.5500 

4. 5500 

4.5498 

900 

4, 5500 

4. 5500 

4. 5500 

4.5498 

1000 

4 . 5500 

4. 5500 

4. 5500 

4. 5498 

£000 

4. 5500 

4. 5500 

4.5499 

4.5496 

3000 

4. 5500 

4. 5500 

4.5499 

4. 5494 

4000 

4. 5500 

4.5500 

4.5498 

4.549£ 

5000 

4. 5500 

4. 5500 

4. 5498 

4.5490 

6  Cl  00 

4. 5500 

4.5499 

4. 5497 

4. 5488 

7000 

4. 5500 

4.5499 

4. 5497 

4. 5486 

SCiCiO 

4, 5500 

4.5499 

4. 5496 

4. 5484 

9000 

4. 5500 

4.5499 

4. 5496 

4. 5481 

10000 

4.  55C>Ci 

4. 5499 

4. 5495 

4.5479 

£0000 

4 . 5500 

4. 5498 

4.5491 

4. 5459 

300CIC) 

4. 5499 

4. 5497 

4. 5466 

4. 5436 

40000 

4. 5499 

4. 5496 

4.5481 

4. 5418 

50000 

4. 5499 

4. 5495 

4. 5477 

4, 5397 

60000 

4. 5499 

4. 5494 

4. 547£ 

4.5377 

70000 

4. 5499 

4. 5493 

4. 5467 

4. 5356 

aoooo 

4. 5499 

4.549£ 

4. 5463 

4. 5536 

90000 

4. 5498 

4.5491 

4. 5458 

4.5315 

1 00000 

4.  5498 

4, 5490 

4. 5453 

4. 5£94 

£00000 

4.5496 

4. 5461 

4.5406 

4, 5089 

300000 

4.5495 

4. 5471 

4.5359 

4. 4883 
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□  V  Um^r  C  Container  +  IQ  U*9r  Q  Ccn-tainwr 

V  2Q  Odj,  C  Cqntafndr  A  3D  pug,  p  Conroin*r 

Figure  lO-D;  155mm  Propelling  Charge  Container  Dry  Indoor  Storage  Model  -  Published  Activation  Energy 
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